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Preface 


Ilorticulture  is  concerned  witli  those  plants  whose  cultivation  brings  re¬ 
wards,  whether  monetary  profit  or  personal  pleasure,  sufficient  to  warrant 
the  expenditure  of  intensive  effort.  This  art — which  entails  judicious  timing 
and  many  skills — has  an  ancient  tradition.  But  modern  horticulture  in\  ol\’es 
the  integration  of  many  natural  phenomena  with  man-made  effects  and  so 
is  a  scientific  discipline  in  its  own  right.  The  primary  purpose  of  this  text¬ 
book  is  to  examine  the  scientific  concepts  on  which  horticulture  is  based. 
A  comprehension  of  the  science  gives  meaning  and  scope  to  the  art  and 
enables  the  impro\'ement  of  centuries-old  practices. 

Part  1  introduces  the  biology  of  horticulture;  horticultural  problems  are 
biological  problems.  The  plant,  the  basis  of  all  horticultural  activities,  must 
fiist  be  considered  as  a  living  entitv.  A  knowledge  of  plant  relationships, 
structure,  growth,  and  development  is  necessarv  if  the  technology  and  in¬ 
dustry  of  horticulture  are  to  be  understood. 

Ikut  II  deals  with  the  technology  of  horticulture.  Rather  than  the  tech- 
ni(jues  being  considered  as  they  relate  to  specific  crops,  they  have  been 
treated  in  terms  of  their  broader  horticultural  implications.  Thus,  it  is  hoped 
that  the  information  will  become  more  meaningful  and  transferrable.  Specific 
practices  should  be  discussed  by  the  instructor,  since  thev  wiW  vary  with 
geographical  location. 


Part  III  de.scribes  the  industry  of  horticulture.  The  industry  is  analvzed 
on  the  basis  of  location  and  specialty,  thus  emphasizing  its  distingiiishing 
characteristics  and  special  problems.  In  recognition  of  their  imporhuice,  a 
discussion  of  the  esthetic  aspects  of  horticulture  has  been  included. 

1  his  book  has  been  designed  primarilv  as  a  universitv  level  text  for  the 
beginning  horticultural  student  as  well  as  for  those  students  whose  interests 
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may  he  only  incidentally  associated  with  horticulture.  Although  the  hook 
assumes  no  large  familiarity  with  hotanv,  it  would  he  to  the  student’s  ad¬ 
vantage  to  have  completed  some  prere(jnisite  studv  or  to  he  simnltaneonsly 
(Mirolled  in  a  hotany  or  plant  science  course.  The  text  is  divided  into  14 
chapters,  which  should  he  ade(|uately  covered  in  a  semester’s  time.  The 
skills  associated  with  horticulture  can  he  reviewed  in  a  lahoratorv  in  a 
secjiience  similar  to  that  used  in  this  text.  Key  references  are  pro\  ided  at 
the  end  of  each  chapter  to  facilitate  further  studv  hv  the  student. 

It  is  a  pleasure  to  acknowledge  mv  colleagues  who  have  heen  so  generous 
with  their  time,  their  information,  and  their  support.  Among  the  manv  are 
K.  M.  Ihink,  Professor  X.  W.  Desrosier,  Professor  Dominic  Durkin,  Iho- 
fessor  F.  11.  Emerson,  Professor  C.  E.  Hoxsie,  Professor  [erome  Hull,  |r.. 
Professor  K.  \\k  jolmson.  Professor  A.  C.  Leopold,  Professor  N.  \\\  Mart^’, 
C.  L.  Pfeiffer,  Professor  E.  C.  Stevenson,  Professor  R.  B.  Tukev,  Professor 
C.  E.  W'arren,  Professor  G.  E.  Wilcox,  and  Professor  Milton  Wairkman. 
Professor  C.  E.  Hess  and  Professor  A.  II.  Westing,  who  have  each  contrih- 
uted  a  chapter,  have  heen  of  inestimahle  help.  I  w'onld  like  to  thank 
Professor  J.  R.  Shay,  Professor  \V.  II.  Gahelman,  Professor  M.  N.  Dana,  and 
Dr.  I.  y.  jolmson  for  their  critical  reading  of  the  entire  manuscript. 

Janiianj  1963  Jules  Jamck 
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The  Im|)act  of  Horticulture 


The  origins  of  liorticulture  are  intimately  associated  with  the  history  of 
mankind.  The  term  liorticulture,  however,  is  probably  of  relatively  recent 
origin  and  first  appears  in  writings  in  the  seventeenth  centurv.  The  word  is 
derived  from  the  Latin  hortus,  garden,  and  colere,  to  cultivate.  The  concept 
of  the  culture  of  gardens  (Anglo-Saxon  gijrdan,  to  enclose),  as  being  dis¬ 
tinct  from  the  culture  of  fields — that  is,  agriculture — is  a  medieval  concept, 
indicative  of  the  practices  of  that  period.  Agriculture  now  refers  broadly 
to  the  technology  of  raising  plants  and  animals.  Horticulture  in  its  present 
concept  is  that  part  of  plant  agriculture  concerned  with  so-called  “garden 
crops  as  contrasted  with  agronomy  ( field  crops,  mainly  grains  and  forages ) 
and  forestry  (forest  trees  and  products).  (See  Fig.  1-1.) 

Horticulture  deals  with  an  enormous  number  of  plants.  Garden  crops 
ti  aditionally  include  fruits  and  vegetables,  all  the  plants  grown  for  orna¬ 
mental  purposes,  as  well  as  spices  and  medicinals.  Manv  horticultural 


products  are  utilized  in  the  living  state  and  are  thus  highlv  perishable; 
water  is  a  necessary  constituent  of  (juality.  In  contrast,  the  usable  products 
of  agionomic  and  forest  crops  are  often  utilized  in  the  nonlixing  state  and 
are  usually  high  in  dry  matter.  Custom  has  delineated  the  boundary  line 
loi  some  crops;  for  example,  tobacco  and,  in  some  locations,  w-hitc  potatoes, 
are  considered  agronomic  crops  in  the  United  States.  In  the  main,  however’ 
hoiticulture  deals  with  crops  that  are  intensively  cultivated;  that  is,  plants 
that  are  of  high  enough  xalue  to  warrant  a  large'input  of  capital,  labor,  and 
technology  per  unit  area  of  land.  Pine  trees  grown  for  timber  or  pulp  are 
an  example  of  extensive  agriculture.  Although  the  per  acre  value  of  a  pine 
grme  may  be  large  if  harvested  at  once,  the  yearly  increment  of  value  is 
relatively  small  ( .S2()-,S()/vear  in  current  dollars).  The  importance  of  our 
orcst  industries  is  due  to  the  tremendous  acreage  involved.  W’hen  pine 
trees  are  grown  more  intensivelv,  as  are  Christmas  trees  (Fig  l->^)  they 
are  usuallx-  considered  as  a  horticultural  crop.  Pine  trees  grown  as  nurserv 
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The  Impact  of  Horticulture  [Chap.  1] 


F'ig.  1-1 .  A  tree  of  the  natural  sciences  and  their  technologies. 


stock  for  use  in  ornamental  jilantings  assume  sufficient  \  alue  to  justih'  large 
expcMulitiires  for  fertilization,  priming,  harvesting,  and  marketing,  and  there¬ 
fore  liecome  a  true  horticultural  crop.  (  l  lu’  \  alue  of  good  uurser\  laud  ma\' 
compete  with  suhurhau  ri'al  estate!)  SimilarK’,  the  jircseuce  of  a  siigaiy 
geue  in  maize  increases  its  \alue  enough  to  warrant  using  mori'  iuti'usiw' 
cultural  methods  (the  use  of  better  sc'ed — single-cross  xi'isus  double-cross 
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The  Impact  of  I lorticuittire 


Fig.  1-2.  Apphfiu^  insecticide  to  young, 
Scotch  ])i)ics  being  grown  for  Cdoistmas 
trees. 

[C'ourtfsy  n.  L.  Schiuler.] 


I.yhrid— spra\’  programs,  and  oxponsixe  luirxosting  procednros )  and  trans- 
ionns  it  into  tlio  liorticnltnral  crop,  sweet  corn. 

llortienltnre  tlms  can  he  defined  as  the  l)raneli  of  agrienitnre  eoneerned 

with  intensively  enltnred  plants  di- 
reeth'  used  by  man  for  food,  for 
mc'dieinal  purposes,  or  for  estlietie 
gratification.  The  indnstiA'  is  nsn- 
allv  dixided  on  the  basis  of  crop 
and  plant  use.  The  production  of 
edibles  is  represented  in  pomology 
(fruit  culture)  and  olericulture 
(xegetable  crops);  the  production 
of  ornamentals  is  represented  by 
floriculture  and  land.sca})e  horticul¬ 
ture.  These  terms  are  not  mutually 
exclusive.  For  e.xample,  many  ed¬ 
ible  plants  (apples)  are  used  as  ornamentals,  and  manx^  plants  often  classed 
as  ornamentals  (poppy,  pvrethrum)  have  pharmacological  and  industrial 

uses  (Fig.  1-3). 

The  esthetic  u.se  of  plants  is  a 
unicpie  feature  of  horticulture,  dis¬ 
tinguishing  it  from  other  agricul¬ 
tural  activities.  It  is  this  aspect  of 
horticulture  xvhich  has  led  to 
its  universal  popularitv.  Paradise 
means  garden!  In  the  United  States 
ornamental  horticulture  is  under¬ 
going  a  renaissance  brought  about 
bv  an  increased  standard  of  livine 
coincidental  xxith  the  dexelopment 
of  suburban  lixing.  The  sati.sfac- 
tion  of  this  bent  in  the  .\merican 
family  has  cieated  an  expanding 
industry  out  of  that  part  of  horti¬ 
culture  that  had  been  mainlv  con¬ 


i' ig.  1-3.  the  dried  flowers  of  pyre- 
ihrnin  (Chrysanthemum  cinerariaefo- 
liiim)  arc  the  .source  of  a  natural  insecti¬ 
cide.  Oouimcntal  forms  (C.  coccineum) 
arc  knowm  as  painted  daisir's. 

(( -oiirtcsN  K.  H.  Hoiu-ywc-ll.] 


fined  to  amateurs  and  fanciers.  This 
has  not,  of  course,  been  true  for 
the  older  portions  of  the  xvorld. 
The  hanging  gardens  of  Rabx  Ion 
(one  of  the  seven  xvonders  of  the 
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ancient  world)  and  the  awesome  seventeenth  centnrv  gardens  of  N'ersailles 
are  spectacnlar  examples  of  the  prominence  of  ornamental  horticulture. 

1  lorticnltnre  is  an  ancient  art,  and  many  of  its  practices  have  been 
empirically  derived.  However,  modern  horticulture,  as  agricnlture,  has  be¬ 
come  intimately  associated  with  science,  w'hich  has  served  not  only  to  pro¬ 
vide  the  methods  and  resources  to  explain  the  art,  hut  has  become  the 
guiding  force  for  its  improvement  and  refinement.  Horticulture  will  nevc‘r 
become  wholly  a  science,  nor  is  this  particularly  desirable.  Its  curious  mix¬ 
ture  of  science  (botany  to  physics),  technology,  and  esthetics  makes  horti¬ 
culture  a  refreshing  discipline  that  has  continually  absorbed  man’s  interest 
and  challenged  his  ingenuity.  The  science  of  horticulture  nevertheless  re¬ 
mains  the  dynamic  influence  in  the  proper  use  and  understanding  of  the 
horticultural  art.  It  is  with  this  phase  of  horticulture  that  this  hook  is  largelv 
concerned. 


ECONOMIC  POSITION  OF  HORTICULTURE 

It  is  difficult  to  ascertain  the  precise  position  of  anv  large  and  diverse 
industrv  in  our  economy.  This  is  particularly  true  of  horticulture,  which  in- 
xoK'es  not  onlv  the  manv  facets  of  production,  but  the  added  increments 
of  processing,  service,  and  maintenance.  For  example,  ornamentals  such 
as  woody  perennials  are  not  consumed  but  become  invested  in  plantings, 
and  increase  in  value  with  the  passage  of  time.  The  value  of  this  wealth  is 
ordinarilv  not  taken  into  consideration  until  we  become  painfully  aware  of 
it  through  the  severities  of  weather  or  the  encroachment  of  concrete  and 
steel.  The  replacement  of  large  trees  and  shrubs  is  usually  economical Iv 
prohibitive  and  is  often  horticulturally  impossible. 

Commercial  horticulture  represents  a  significant  portion  of  American  agri- 
cnltural  wealth.  Agriculture,  the  country’s  biggest  industrv,  has  a  farm  value 
of  over  30  billion  dollars,  half  of  which  originates  directly  in  agriculture, 
with  the  rest  representing  the  contributions  of  other  industries — for  ex¬ 
ample,  machinerv,  fertilizer,  chemicals  (Fig.  1-4).  These  production  inputs 
are  a  reflection  of  the  increased  technology  inherent  in  present-day  agri- 
cnltnre.  .\griculture  has  increased  in  production  to  keep  np  with  a  growing 
population’s  demand  for  a  high  level  of  nutrition  and  a  high  standard  of 
living.  Ilorticnltnre’s  percentage  share  in  this  expanding  industrv  has  been 
relatively  stable  over  the  last  50  years  (  Fig.  1-5).  In  1960,  12^?  of  the  annual 
farm  receipts,  repix'senting  four  billion  dollars,  were  attributable  to  horti¬ 
culture.  The  retail  value  of  horticultural  products,  after  being  processed. 
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Fig.  1-4.  Cash  receipts  compared  with  national  income  originat¬ 
ing  in  amiculturc,  1910-1960. 

[Data  from  Economic  Research  .Service,  USDA.] 


tran.sported,  and  marketed,  increased  to  about  ten  billion  dollars.  In  the 
United  States  about  40%  by  weight  of  the  food  consumed  consists  of  horti¬ 
cultural  products.  In  \’iew  of  this  fact  alone,  one  mav  expect  horticulture 


to  maintain  its  increasing  importance 
These  figures  should  not  imply 
that  each  facet  of  the  horticultural 
industry  has  or  will  share  equally 
in  this  increase.  The  fortunes  of 
indiyidual  crops  in  the  United 
States  oNer  the  last  fi\'e  decades 
reflect  the  changing  habits  and 
preferences  of  the  American  people 
and  the  technological  changes  in 
the  food  industry.  For  fwample, 
the  trend  has  becMi  toward  an  in¬ 
crease  in  the  per  capita  consumj-)- 
tion  of  yegetables  used  in  salads 
(lettuce,  celery)  and  a  decrease  in 
the  consumption  of  potatoes  and 
starchy  root  crops.  Per  capita  fruit 


in  our  liv'es  and  economy. 


Fig.  1-.5.  Horticulture's  share  of  the 
total  ap,ricultnral  market  in  the  United 
States,  1910-1960. 

[Oata  from  Economic  Research  Service,  I'SHA] 
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coiisuinption  lias  gradually  incrcast'd,  with  citrus  truits  gaining  at  the 
e\pense  ot  apjdes.  d'hc  consninption  of  jiroccssed  fruits  and  \(“g(‘tal)les 
has  show  n  a  inarkc'd  increase  o\cr  tlic  iresh  [irodncts,  and,  on  a  frcsli  c(|ni\a- 
Icnt  basis,  now  accounts  for  over  half  of  the  total  consnined. 


A  HISTORICAL  PERSPECTIVE 

Along  with  the  discover)'  of  fire,  the  “in\ention”  of  agriculture  repre¬ 
sents  the  most  significant  achievement  in  human  civilization.  In  primitive 
societies  based  on  food  gathering  or  hunting,  each  individual  must  be 
totally  iiwolved  with  the  urgencies  of  securing  sustenance.  Abundance 
pro\ed  to  be  temporary  and  exceptional.  Notwithstanding  the  systematic 
and  efficient  organization  of  certain  food  gathering  societies,  each  adult  is 
pressed  into  continued  actix  itv.  The  limiting  factor  in  the  development  of 
primitixe  societies  becomes  the  axailabilitv  and  dependaliilitv  of  a  food 

Man  has  been  a  food  collector  for  the  great  portion  of  his  existence.  Food 
production  bx'  the  cultixation  of  edible  plants  and  the  domestication  of 
animals  is  of  relatively  recent  origin,  dating  back  7000  to  10,000  xears  ago 
to  xx'hat  is  knoxx  n  as  the  Neolithic  age.  Only  through  the  gradual  dexelop- 
ment  of  a  system  of  agriculture  could  a  xx’orking  and  regular  surplus  be 
depended  upon.  The  immediate  rexxard  of  a  surplus  is  the  release  of  spe¬ 
cialists  from  food  production  xvho,  although  productixe  through  other  skills, 
do  not  contribute  directly  to  the  food  supply.  The  gradual  dex’elopment 
of  an  agriculture,  xxith  its  increased  efficiency  and  dependabilitx’,  encour¬ 
aged  the  dex'elopment  of  nexv  classes  of  specialists — artisans,  clerks,  priests. 
The  standard  of  lix  ing  of  a  people  increases  as  the  need  for  specialists  be¬ 
comes  necessarx'.  Table  1-1  broadly  dates  the  progress  of  cixilization  in 
terms  of  adxances  in  agriculture-horticulture. 

Selection  of  E(Iil)Ie  Plants 

The  origin  of  cix  ilization  can  be  traced  to  man  s  discox’erx’  that  he  could 
assure  himself  of  a  plentiful  food  supply  bx’  planting  seed,  bajiidlx'  groxx- 
ing  xegetables  and  cereals,  xvhich  produce  a  crop  xxithin  a  season,  must 
haxe  been  the  first  plants  cultixated.  The  technology  inx'olxed  in  cultix’at- 
ing  nut  or  fruit  trees,  for  example,  is  considerablx’  intricate  and  time  con¬ 
suming;  as  a  ix'sult,  these  edibles  xxere  probablx'  gathered  Irom  the  xxild. 
Fxen  today  in  the  United  States  some  food  is  gathered  from  indigenous 
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Tal)le  l-l.  Continued 


IIISTOHICAL  EVENT 

YEARS  AOO 

EVENT  IN  HORTICULTURE  AND 

PLANT  AO R I CULTURE 

Birth  of  ('hrist 

bcffuine  rotation 

(iohU'ii  A^e  of  (ireece 

Botanical  works  of  3'heophrastus  of  Eresos 
Fruit  varieties 

Hanging  gardens  of  Bahylon 
(i  rafting 

Egy|)tian  ('ivilizatiou 

Irrigation 

Domestication  of  crop  jilants 

Neolithic  .\>je 

Discovery  of  Agriculture 

iiiiculti\’ated  plants.  For  example,  Maine’s  blueberry  industry  depends  upon 
such  a  source.  The  cultivation  of  cereals  and  the  domestication  of  animals 
led  to  a  permanent  agriculture,  which  provided  the  media  for  the  growth  of 
an  advanced  civilization.  Although  it  is  not  known  when  the  cultivation  of 
plants  first  took  place,  it  is  known  that  the  bulk  of  our  present-day  food 
plants  were  selected  by  the  people  of  many  lands  long  before  recorded 
historv.  The  way  in  which  wild  plants  were  transformed  to  their  present 
cultivated  forms  is  often  obscure,  and  tbe  original  ancestors  of  many  of 
our  crop  plants  cannot  be  traced.  The  same,  of  course,  is  true  for  animals. 
Onr  debt  to  primitive  man  is  enormous. 

Somewhere  in  tlie  now  dry  highlands  of  the  Indus,  Tigris,  Euphrates, 
or  Nile  Rivers,  the  technology  we  call  agriculture  was  conceived.  In  about 
3()()()  years,  the  primiti\'e  existence  of  Stone  Age  man  was  transformed  to 
the  full-Hedged  urban  cultures  of  Egypt  and  Sumeria.  By  this  time  the 
date,  fig,  olive,  onion,  and  grape,  the  backbone  of  ancient  horticulture, 
had  been  brought  under  cultivation  and  the  technological  base  necessary 
to  insure  a  productive  agriculture — land  preparation,  irrigation,  and  prun¬ 
ing — had  been  discewered.  Bv"  3000  b.c.,  field  cultivation  \  ia  the  ox  leplaced 
culti\’ation  bv  the  hoe;  by  the  time  of  the  flowering  of  Egyptian  cultuie, 
(loriculturr-horticulturc  was  an  established  discipline. 


(he  Vertile  Crescent 


'I'he  people  li\ing  in  tlu'  Xih'  xalU'V, 
least  20,000  vears  bv  Stone  Age  man, 


which  had  been  inhabited  lor  at 
developed  an  agriculture  7000  to 
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8()()()  years  ago.  In  Eg>'pt,  man’s  rendezvous  witli  civilization  began.  By  3o(K) 
H.C.,  Egypt  luul  establislu'd  a  centralized  government  with  Memphis  as  its 
capital,  and  by  2800  b.c.,  it  bad  de\eloped  to  a  high  enough  level  of  civili¬ 
zation  to  support  such  monumental 
engineering  projects  as  the  pyra¬ 
mids. 

The  great  accomplishment  of 
Egy  ptian  agriculture  was  systematic 
irrigation  through  hydraulic  engi¬ 
neering.  .\mong  the  notable  horti¬ 
cultural  achievements  of  the  Egyp¬ 
tians  were  their  formalized  gardens 
complete  with  pools  and  full  time 
gardeners  (Eig.  1-6),  the  creation 
of  a  spice  and  perfume  industry, 
and  the  development  of  a  phara- 
copoeia — a  collection  of  drug  and 
medicinal  plants  (Fig.  1-7). 

The  Egvptians  cultivated  a  great 
number  of  fruits,  including  date, 
grape,  olive,  fig,  banana,  lemon, 
and  pomegranate,  as  well  as  such 
vegetables  as  cucumber,  artichoke, 
lentil,  garlic,  leek,  onion,  lettuce, 
mint,  endive,  chicorv,  radish,  and 
various  melons.  In  addition,  manv 
plants,  for  example,  papyrus,  castor 
bean,  and  date  palm,  were  culti¬ 
vated  for  fiber,  oil,  and  other  “in¬ 
dustrial”  uses.  They  also  created 
the  various  technologies  associated 
with  the  food  industrv — potterv, 
baking  and  fermentation,  and 
drying. 

Egyptian  influence  lasted  an  in¬ 


Fig.  1-6.  Egtfptian  Jiorticidture  from  a 
tomb  at  Beni  Hasan  {about  1900  b.c.). 
Top.  Picking  figs.  [From  Singer,  His¬ 
tory  of  Technology,  vol.  1,  Oxford  Univ. 
Press,  1954.]  Middle.  A  round  vine 
arbor.  [Gothcin,  History  of  Carden  Art, 
vol.  1,  Dutton,  New  York,  1928.]  Bottom. 
Irrigating  a  vegetable  garden.  [Gothein, 
History-  of  Garden  Art,  vol.  1,  Dutton, 
New  York,  1928.] 


credible  35  centuries.  The  periods  of  stability  produced,  in  addition  to  their 
great  technology,  a  magnificent  art  and  a  complex,  if  beyvildering,  theology. 
By  the  time  Egypt  had  become  a  Roman  province  (3  b.c.),  its  influence  had 
already  permeated  the  ancient  yvorld — an  influence  that  is  still  felt  today. 
East  of  Egypt,  the  ancient  cultures  of  Mesopotamia — Babylonia  and  As- 
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.Syria— addl'd  to  the  technology  of  horticulture  the  irrigated  terraces,  gar¬ 
dens,  and  parks  (Figs.  1-8  and  1-9).  Irrigation  canals  lini'd  with  hnrnl 
hriek  and  asphalt-sealed  joints  helped  keep  10,0()()  .s(|nare  miles  under  enlti- 


\  ation  which  in  1800  n.c.  fell  ov’er 
15,000,000  people.  By  700  b.c.,  an 
•Assyrian  Herbal  was  compiled  con¬ 
taining  the  names  of  over  900  plants 
including  250  vegetable,  drug,  and 
oil  crops.  The  Old  Testament 
prophecy  .  .  they  [all  nations] 
shall  beat  their  swords  into  plow’- 
shares  and  their  spears  into  prun¬ 
ing  hooks”  (Isaiah  2,  ca.  800  b.c.) 
attests  also  to  the  agricidture  and 
horticulture  of  the  period. 

Greece 

The  Greeks,  while  adding  only 
incidentally  to  practical  agriculture 
(  Fig.  1-10),  did  devote  their  genius 
to  botany.  Although  the  botanical 
writings  of  Aristotle  (384-322  b.c.) 
are  lost,  a  portion  of  the  writings  of 
his  most  famous  student,  Theo¬ 
phrastus  of  Eresos,  is  e.xtant.  These 
writings  cover  various  botanical  subjects,  including  taxonomv,  phvsiologv, 
and  natural  historv.  Ilis  books,  Iliston/  of  Plants  and  Causes  of  Plants,  treat 
such  topics  as  classification,  propagation,  geographic  botany,  forestrv  and 
horticulture,  phannacologv,  viticulture,  diseases  (insect),  savors  and  odors. 
Theophrastus,  now’  referred  to  as  the  Father  of  Botany,  influenced  botanical 
thinking  until  the  seventeenth  centurv — a  reflection  both  on  the  Greek  mind 
anil  on  the  stagnation  of  science  that  was  to  come  about. 

There  are  some  who  trace  the  downfall  of  (heece,  not  primarily  to  wars 
or  internal  tlecav,  Imt  to  a  gradual  erosion  brought  about  by  the  effects  of 
increasing  population  on  declining  resources.  The  loss  of  a  sound  agri¬ 
cultural  base  was  due  to  a  combination  of  factors,  among  which  were  shal¬ 
low  soil,  jvoor  conservation  practices,  and,  perhaps,  the  reluctance  of  the 
(heck  mind  to  consider  the  mundane  problems  of  agriculture.  Wh'th  this 
loss,  the  urban  centi'is  of  Greece,  weakened  by  the  intercity  struggles  and 


Fig.  1-7.  Plants  and  seeds  brought  hack 
from  Syria  by  Thothmes  III  and  carved 
on  the  temple  walls  at  Karnak,  Egypt 
(about  1450  b.c.). 

[From  SiiiKcr,  llisfon/  of  Technology,  Oxford  Univ. 
I’rcss,  London,  vol.  1,  19.54.] 
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rivalries  that  culminated  in  the  27- 
\ear  Peloponnesian  \\’ars,  e\’entn- 
allv  cnnnhled  before  the  armies  of 
Macedonia. 


Rome 

The  enimna  of  the  thousand  \  ear 
history  of  Rome  (roughly  500  n.c. 
to  A.n.  500)  is  not  that  Rome  fell 
hut  that  it  held  together  as  long  as 
it  did,  in  spite  of  its  conglomera¬ 
tion  of  diverse  peoples  and  lands. 

Unlike  the  Greeks,  the  Romans 
were  extremely  interested  in  practi¬ 
cal  agriculture.  It  was  a  vital  part  of  the  economy;  the  largest  single  group  of 
producers  was  agricultural.  On  this  firm  foundation,  Rome  rose  to  glorv, 
and,  according  to  some,  declined  along  with  its  eroded  soils. 

Roman  agriculture  had  many  biographers.  The  earliest  was  Cato  (2.34- 
149  B.c. ),  who  wrote  of  farming  and  useful  gardening  in  his  Dc  A^ri 
Cultura.  \4irro  (116-28  b.c.)  produced  a  longer  commentary  on  agriculture, 
which  was  followed  by  Columella’s  twelve-book  treatise  {ca.  a.d.  .50).  It  is 
from  these  sources,  and  from  the  Georgies  of  \’irgil  (70-19  b.c.),  the  writ¬ 
ings  of  Pliny  the  Younger  (a.d.  62-116),  and  especially  the  Nat  oral  Histon/ 
and  Palladius  of  Pliny  the  Elder  (a.d.  2.3-79),  that  the  agrarian  history  of 
Rome  has  been  developed. 


Fig.  1-8.  A  royal  Assyrian  park,  ivatercd 
by  streams  from  an  arched  a(piednct. 
From  a  relief  in  the  ])alace  at  Nineveh 
(seventh  century  b.c.). 

[From  Singer,  lUstorij  of  Technology,  Oxford  Univ. 
Press,  London,  vol.  1,  19-54.] 


Fig.  1-9.  Darius  hnntin<^  in  a  g^rove  of  palms  [fourth 
ceniiny  (.^)  h.c.]. 


[From  Gothein,  History  of  Garden  Art,  Dutton,  New  York  vol 
1928.] 


1, 
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The  Romans  were  great  borrowers,  .\ltliough  tliey  produced  little  that 
was  lealK  new,  they  did  make  great  iinpro\’einents.  dhe  horticultural 

technology  used  by  the  Romans 
(much  of  it  can  be  traced  to  earlier 
sources,  especially  Cheek  and  Rg\  p- 
tiau)  became  established,  codified, 
and  workable.  Their  atiricultural 

O 

writings  mention  grafting  and  bud¬ 
ding,  the  use  of  many  kinds  and 
xarieties  of  fruits  and  vegetables, 
legume  rotation,  fertility  appraisals, 
and  even  “cold”  storage  of  fruit. 
Mention  can  be  found  of  a  proto- 
type  greenhouse  (Spccularia)  that 
was  constructed  of  mica  and  which 
was  used  for  vegetable  forcing. 

In  many  respects,  the  well-to-do 
Roman  was  a  modern  type,  civilized  and  urban,  vet  bound  to  the  land 
through  business.  His  problems  were  largely  managerial  ones:  the  care  and 
handling  of  slaves,  the  management  of  income  properties,  the  vagaries  of 
profit  and  loss.  The  t\  pical  Roman — soldier,  farmer,  voluptuary — is  strikingly 
similar  to  his  recent  counterpart;  namely,  the  aristocrat  of  the  antebellum 
South. 

It  was  in  Rome  that  the  portion  of  horticulture  we  now  call  ornamental 
horticulture  was  developed  to  a  high  lexel.  k"rom  the  beginnings  of  Roman 
history  hereditary  estates  ramiimj;  in  size  from  one  to  four  acres  were  re- 
ferred  to  as  gardens  (hortus)  rather  than  farms  (fundus).  (To  wish  for 
more  was  considered  to  be  a  sign  of  a  malcontent,  if  not  downright  dan¬ 
gerous.)  Early  Rome  has  been  described  as  a  market  place  serxing  a 
hamlet  of  truck  gardeners.  Wfith  the  coiKjuest  of  nexv  lands  came  the  de¬ 
velopment  of  large  slaxe  plantations,  xvhich  ex'entually  led  to  free  tenancy 
and  estates,  and  finally  to  a  manorial  sxstem.  The  great  fortunes  of  Rome 
xxere  inx  ested  in  farm  land.  The  good  life  xxas  that  of  a  gentleman  farmer; 
the  sign  of  xxealth  xvas  the  country  estate. 

TIk'  dxvelling  on  an  exstate  reflected  the  xxealth  of  its  ox\'ner.  The  prosper¬ 
ous  Roman  had  a  little  place  in  the  country,  a  suburbunum.  It  contained 
fruit  orchards,  in  xxhich  grexv  apples,  pears,  figs,  olixes,  pomegranate's,  and 
floxx’er  garde'iis,  xxith  lilies,  rose's,  xiolets,  pansie's,  poppie's,  iris,  marigolels, 
snapelragons,  anel  aste'is.  The'  mansions  of  the  xxe'althy  be'canu'  (piite'  spK'ii- 
eliel.  Formal  garde'us  xxere  encloscel  by  fre'seoeel  xxalls  anel  xvere  amplx  en- 


Fig.  l-IO,  Harvcstiiii^  olives.  From  a 
C'.reck  black- figured  vase  (sixth  centun/ 

H.C.  ) . 

[From  SinjitT,  llistonj  of  Tcchmtloiiij,  e)xfoid  Univ. 
Press,  London,  vol.  2,  1958.] 
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(lowx’cl  witli  statuan'  and  fountains,  trellises,  flower  ])oxes,  sliaded  walks, 
(errae(‘s,  topiar\'  (“hush  sculpture”),  and  e\’en  heated  swiinining  pools, 
fl’lu'  rule  was  luxury;  the  desired  efh'ct  was  c’xtravaganee. 

Home  was  largely  a  parasitic  empire  hasc'd  ou  horrow’ed  culture,  slave 
labor,  and  stolen  goods.  This  was  not  destined  to  last,  however,  for  in  the 
middle  of  the  first  millennium  a.d.  the  Homan  Empire  disintegrated,  and 
Isuropc'  took  a  giant  step  haekward  to  the  villagv'. 


Horticulture  and  Classical  Antiquitij 


Our  cultural  heritage  in  art,  literature,  and  ethics  is  largely  traceable  to 
(heek  and  Homan  influences.  According  to  the  great  historian  of  science. 


Cfliarles  Singer,  this  has  resulted  in 
an  overemphasis  on  the  importance 
of  the  technology  of  these  cultures, 
which  tended  to  he  lower  than  the 
more  ancient  cultures  of  Egypt 
and  Mesopotamia,  from  which  they 
were  derived.  The  rise  of  both 
Cueece  and  Home  was  similar  in 
some  respects  to  the  rise  of  the 
Huns  and  the  Goths — a  victory  of 
barbarism  over  worn-out  but  ad¬ 
vanced  cultures.  The  storv'  of  civili¬ 
zation  and  technology  is  not  the 
steady  upward  climb  of  the  past 
600  years.  The  technology  of  horti¬ 
culture  is  a  good  example  of  this. 
One  is  hard  pressed  for  examples 
of  progress  made  by  the  Creeks 
or  Homans  that  are  comparable  to 
those  of  ancient  Egypt.  Significant 
advance  was  to  await  tlie  Renais¬ 
sance. 

A  specific  example  of  this  delay 


Fig.  1-11.  \\  iiincd  (^uardUni  sjiirit  of  the 

Assyrians  pollinatin’^  hlossonts  of  the  date 
palm.  From  tin-  Palace  of  Kin<^  Ashiir- 
\a.’>ii-Pal  II  at  \imrud  (Irruj)  (ninth 
ccnturij  H.C.). 


concerns  the  state  of  knovveled«re  on  <,f  Fine  .xns.] 

tlie  role  of  sox  m  plaots.  The  cultiv  ation  of  the  elate  palm  anti  fie  in  Meso|,o- 
anna  c  tar  v  s  lovvs  that  the  function  of  the  nonhearine  staminate  plants  of 
le  date  palm  were  understood  ( hig.  Ml)  „nd  that  the  caprifieation  of  the 
h  (the  nse  t,t  the  vviltl  caprifig,  which  contains  a  parasitic  wasp  necessarv 
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lor  pollination)  had  a  sexual  significance.  Thcophrastns  was  aware  of  this 
ancient  eonerpt,  hot  this  information  heeaine  virtnallv  lost  until  the  Dutch 
botanist  Damerarins  (1691)  experimentally  proved  the  sexual  nature  ol 
plants.  Similarly,  the  ancient  arts  of  graftage  and  irrigation,  part  of  the 
basic  technology  of  horticulture,  were  not  improved  until  \erv  recentlv. 
Adxances  in  technology  that  came  about  during  the  earlv  mediexal  period 
are  largely  traceable  to  Eastern  sonrce.s — China,  Islam,  and  the  Bv/.antine 
I'.mpire. 


Medieval  Horticulture 

After  the  fall  of  Rome,  some  of  the  horticultural  art  survived  in  the 
monastic  gardens  during  the  so-called  Dark  Ages.  Gardening  heeame  an 
integral  part  of  monastic  life,  providing  food,  decoration,  and  medicinals. 
Fruit  varieties  and  vegetable  strains  were  preserved,  some  of  which  were 
even  improved.  The  gardener  (Hortulariiis  or  Gardinarius)  became  a  regu¬ 
lar  offieer  of  the  Monasterv.  The  few  botanical  and  horticultural  writings 
of  this  pericxl  are  mostlv’  compilations  and  are  traceable  largely  to  Plinv's 
Natural  Histon/.  Manv  centuries  passed  before  the  horticultural  technology 
of  the  Romans  was  ecpialed. 

Revived  interest  in  the  art  of  horticidture  began  in  Italy  with  the  Renais¬ 
sance.  As  feudalism  gave  vv'ay  to  trade,  producing  a  real  rise  in  the  standard 
of  living,  garden  culture  again  began  to  he  practiced  widely.  By  the  thir¬ 
teenth  and  fourteenth  centuries,  orchards  and  gardens  were  common  out¬ 
side  of  the  monasterv.  As  the  medieval  diet  increased  in  meat,  gardens 
became  important  as  a  source  of  spices  and  condiments.  The  horticultural 
revival  spread  from  Italv  to  France  and  then  to  England.  The  Maisou 
Rusti(iue,  published  hv'  Charles  Estienne  (1504—1564)  and  his  father-in-law, 
John  Liehault,  is  a  delightful  sourcebook  of  medieval  horticulture.  The 
section  on  the  apple  illustrates  such  practices  as  fertilization,  graftage, 
pruning,  breeding  behavior,  dwarfing,  transplanting,  insect  control,  gir¬ 
dling  to  promote  flowering,  proper  harvesting  technic  pie,  processing,  and 
ciilinarv  and  mc'dicinal  utilization. 
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Maiwn  Hustique,  or,  The  Coiiiitrey  Fariiie 

Compiled  in  the  Freneh  Tongue  In/ 

Charles  Stevens  (Estienne),  and  John  Lieltault, 

])oetors  of  Phi/sieke 

OF  THE  APPLE-TREE 


The  Apple-tree  wliicli  is  most  in  recpiest,  and  the  most  precious 
of  all  others,  and  therefore  called  of  llomer,  the  Tree  with  the 
goodly  fruit,  groweth  any  where,  and  in  as  mnch  as  it  loveth  to 
ha\'e  the  inward  part  of  his  wood  moist  and  sweatie,  yon  must 
give  him  his  lodging  in  a  fat,  blacke,  and  moist  ground;  and 
therefore  if  it  be  planted  in  a  gravelly  and  sandie  ground,  it 
must  be  helped  with  watering,  and  batling  with  dung  and  smal 
mould  in  the  time  of  Autumne.  It  liveth  and  continueth  in  all 
desireable  good  estate  in  the  hills  and  mountaines  where  it  may 
ha\e  fresh  moisture,  being  the  thing  that  it  searcheth  after,  but 
e\en  there  it  must  stand  in  the  open  face  of  the  South.  Some 
make  nurceries  of  the  pippins  sowne,  but  and  if  they  be  not 
afterward  remo\ed  and  grafted,  they  hold  not  their  former  ex- 
cellencie:  it  thriveth  somewhat  more  when  it  is  set  of  braunches 
or  shoots:  but  then  also  the  fruit  proveth  late  and  of  small  \  alne: 
the  best  is  to  graft  them  upon  wild  Apple-trees,  Plum-trees, 
Peach-trees,  Peare-trees,  Peare-plum-trees,  Quince-trees,  and  es¬ 
pecially  upon  Peare-trees,  whereupon  grow  the  Apples,  called 
Peare-maines,  which  is  a  mixture  of  two  sorts  of  fruits:  as  also, 
when  it  is  grafted  upon  Quince-trees,  it  bringeth  forth  the 
.•\pj)les,  called  Apples  of  Paradise,  as  it  were  .sent  from  hea\en 
in  respect  of  the  delicatenesse  ol  their  cote,  and  great  sweet- 
ne.s.se,  and  they  are  a  kind  of  dwarffe  Apples,  because  of  their 
stocke  the  Quince-tree,  which  is  bnt  of  a  small  .stature. 

The  Apple  lo\eth  to  be  digged  tw  ice,  especially  the  first  \eare, 
but  it  needeth  no  dung,  and  yet  notwithstanding  dung  and 
ashes  cau.se  it  prosper  better,  especially  the  dung  of  Sheepe.  or 
tor  lesse  charges  sake,  the  dust  which  in  Sommer  is  gathered  up 
in  the  high  waies.  Yon  must  man\-  times  set  at  libertie  the 
boughes  which  intangle  themsebes  one  within  another;  for  it 
is  nothing  else  but  aboundance  of  W  ood,  wherew  ith  it  being  so 
rej^lenished  and  bejiestred,  it  becometh  mossie,  and  bearing  lesse 
fruit.  It  is  verie  subject  to  be  eaten  and  spoyled  of  Pismires  and 
little  wormes,  bnt  tla*  remedie  is  to  set  neere  onto  it  the  Sea- 
omon:  or  else  il  you  lay  sw  ines  dnng  at  the  roots,  mingled  with 
mans  mine,  in  as  much  as  the  Apple-tree  doth  rejovee  much  to 
b(‘  w  atered  w  ith  urine.  And  to  the  end  it  mav  beare'fruit  aboun- 


The  Apple 
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clantly,  before  it  begin  to  blossoine,  eonipusse  bi.s  stoeke  about, 
and  tie  unto  it  .some  peeee  of  lead  taken  from  some  spout,  but 
when  it  l)egiunetb  to  l)lossome,  take  it  away.  If  it  seeme  to  be 
sicke,  water  it  diligently  with  urine,  and  to  put  to  his  root  Asses 
dung  tempered  with  water.  Likewise,  if  you  will  have  sweet 
Apples,  lay  to  the  roots  Croats  dung  mingled  with  mans  water. 
If  you  desire  to  have  red  Apples,  graft  an  Apple-tree  upon  a 
blaeke  Mulberrie-tree.  If  the  .\pple-tree  will  not  bold  and  beare 
bis  fruit  till  it  be  ripe,  compasse  the  stoeke  of  the  Apple-tree  a 
good  foot  from  the  roots  upward,  about  with  a  ring  of  a  lead, 
before  it  begin  to  blossome,  and  when  the  apples  shall  begin  to 
grow  great,  then  take  it  away. 

Apples  must  be  gathered  when  the  moone  is  at  the  full,  in 
faire  weather,  and  about  the  fifteenth  of  September,  and  that  bv 
band  without  any  pole  or  pealing  downe:  beeause  otherwise  the 
fruit  would  be  much  martred,  and  the  young  siences  broken  or 
bruised,  and  so  the  Apple-tree  by  that  meanes  should  be  spoyled 
of  his  young  wood  wbieb  would  cause  the  losse  of  the  Tree.  See 
more  of  the  manner  of  gathering  of  them  in  the  Chapter  ne.\t 
following  of  the  Peare-tree:  and  as  for  the  manner  of  keeping 
of  them,  it  must  be  in  such  sort  as  is  deli\'ered  hereafter. 

You  shall  thaw  frozen  Apples  if  you  dip  them  in  cold  water, 
and  so  restore  them  to  their  naturall  goodnesse.  There  is  a  kind 
of  wild  Apple,  called  a  Cboake-apple,  because  they  are  verie 
harsh  in  eating,  and  these  will  ser\e  well  for  bogges  to  eat.  Of 
these  apples  likewise  you  may  make  verjuice  if  you  presse  them 
in  a  Cyder-pres.se,  or  if  you  S(jueese  them  under  a  verjuice  mil- 
stone. 

X'inegar  is  also  made  after  this  manner:  You  must  cut  tbe.se 
Apples  into  gobbets,  and  lea\e  them  in  their  peeces  for  the 
space  of  three  daves,  then  afterward  cast  them  into  a  barrell 
with  sufficient  (juantitie  of  raine  water,  or  fountaine  water,  and 
after  that  stop  the  \es.sell,  and  so  let  it  stand  tbirtie  daies  with¬ 
out  touching  of  it.  And  then  at  the  terme  of  those  daies  you 
shall  draw  out  \  inegar,  and  put  into  them  againe  as  much  water 
as  N'ou  have  drawne  out  vinegar.  There  is  likewise  made  with 
this  sort  of  Apples  a  kind  of  drinke,  called  of  the  Picardines, 
Pi(juette,  and  this  they  use  in  steed  of  Wine.  Of  other  sorts  of 
.Apples,  there  is  likewise  drinke  made,  which  is  called  Ciyder,  as 
we  shall  declare  hereafter. 

.An  Apple  cast  into  a  hogshead  fnll  of  W  ine,  if  it  sw  im,  it 
sheweth  that  the  \\  ine  is  neat;  hnt  and  if  it  sinke  to  the  hottomc, 
it  shew  es  that  there  is  Water  mixt  w  ith  the  W  ine. 

Infinit  are  the  sorts  and  so  the  names  of  .Ajiples  comming  as 
well  of  natures  owiie  accord  without  the  helpe  of  man,  as  of  the 
skill  of  man,  not  being  of  the  race  of  the  former;  in  every  one 
of  which  there  is  found  some  speciall  (jualitie,  which  others  have 
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not:  l)iit  tlie  l)est  of  all  the  rest,  is  the  short  shanked  apple,  which 
is  marked  with  spottings,  as  tasting  and  smelling  more  excel- 
lentlv  than  any  of  all  the  other  sorts.  And  the  smell  of  it  is  so  ex- 
cellent,  as  that  in  the  time  of  the  plague  there  is  nothing  better 
to  cast  upon  the  coales,  and  to  make  sweet  jierfnmes  of,  than 
the  rinde  thereof.  The  short  stalked  Apple  hath  yet  furthermore 
one  notable  qualitie:  for  the  kernells  being  taken  out  of  it,  and 
the  place  fill  up  with  Frankincense,  and  the  hole  joyned  and  fast 
closed  together,  and  so  rosted  under  hot  embers  as  that  it  burne 
not,  bringeth  an  after  medicine  or  remedie  to  .ser\’e  when  all 
other  fayle,  to  such  as  are  sicke  of  a  pleurisie,  they  ha\’ing  it 
gi\en  to  eat:  sweet  apples  doe  much  good  against  melancholicke 
affects  and  disea.ses,  but  especially  against  the  pleurisie:  for  if 
Nou  roast  a  sweet  apple  under  the  ashes,  and  .sea.son  it  witli  the 
juice  of  licorice,  starch  and  sugar,  and  after  gi\e  it  to  eat  eyening 
and  morning  two  homes  before  meat  unto  one  sicke  of  the 
pleurisie,  you  shall  helpe  him  exceedingly. 


The  rise  of  landscape  architecture  is  one  indication  of  the  impact  of  the 
Henaissance.  Gardening  became  formalized.  The  design  of  gardens  became 
as  important  as  the  design  of  the  structures  (Fig.  1-12).  The  peak  of 
Henaissance  horticulture  is  to  be  found  in  the  magnificent  gardens  of 


Fig.  1-12.  Astronomical  ohservatonj  {Archis  Uranilyurp^i)  of 
I  ijcho  Brahe  (1545-1601)  at  the  Danish  Island  of  llvccn. 

[Courtesy  Oliver  IDimii,  from  Joan  Hlaeri,  C'.rootcu  Atlas,  1664-166.5.] 
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Lenotre  (1613-1700),  the  most  notable  being  those  at  the  Palace  of  \'ersailles, 
which  was  built  tor  bonis  Xl\’.  This  prodigious  project  lasted  over  25 
years  and  ('inployed  thousands  ol  workmen.  It  included  tremendons  irri¬ 
gation  projects,  pnwiding  at  its  peak  1  400  jets  of  water.  In  one  year  (16SS) 
25,000  trees  were  purchased.  Ancient  gardens  had  been  more  than  sur¬ 
passed;  modern  gardens  have  not  been  its  ecpial. 


The  New  World 

The  discovery  of  the  New'  World  in  1492 — a  convenient  if  inaccurate  date 
to  assign  to  the  beginning  of  the  modern  age — was  inspired  bv  a  search 
for  a  new  route  to  the  spice-rich  Orient.  The  early  coiKinistadores  found  in 
the  mixture  of  advanced  and  Stone  Age  cnltnres  an  agricnltnral  technologv 
that  was  to  make  a  profound  inHiience  on  the  history  of  the  w'orld.  The 
horticultural  contributions  of  the  New'  World  include  many  new'  vegetables 
( maize,  potatoes,  tomatoes,  sweet  potatoes,  sejuash,  pumpkins,  peanuts, 
kidnev  and  lima  beans);  fruits  and  nuts  (cranberries,  avocados,  Brazil 
nuts,  cashew's,  black  w'alnuts,  pecans,  pineapple);  and  other  important  crops 
(chocolate,  vanilla,  wild  rice,  chili,  ([uinine,  cocaine,  tobacco).  Primitive 
man  in  the  New'  World  had  brought  under  cultivation  practically  all  of 
the  indigenous  plants  w  e  now'  use. 

The  discovery  of  America  w'as  the  most  spectacular  residt  of  the  era  of 
exploration.  The  broadening  of  trade  routes  greatly  stimulated  horticultural 
progress.  The  transplantation  of  plant  species  from  the  old  and  new'  worlds 
marks  the  beginning  of  our  great  horticultural  industries.  The  bulb  industry 
in  Holland,  the  cacao  industry  of  Africa,  and  the  banana  and  coffee  in¬ 
dustries  of  Central  America  can  all  be  traced  to  those  importations  of  plant 
species. 


The  Beginnings  of  Experimental  Science 

Science  is  a  method  of  incjuiry  w'hose  aim  is  the  organization  of  infoi- 
mation.  In  the  ancient  w'orld,  technology  was  the  parent  of  science;  onb 
recently  has  science  become  the  source  of  technology.  The  speculative  use 
of  information  built  up  through  observation  and  experimentation  became 
a  powerful  force  during  the  Middle  Ages.  The  discoveries  of  Da\  inci 
(1452-1519),  Galileo  (1564-1642),  and  Newton  (  1642-1727)  in  astronomy 
and  the  physical  sciences  represent  the  flowering  of  this  new  techni(|uc. 

As  a  result  of  this  new'  method  of  approach  the  seventeenth  century  saw 
a  rebirth  of  botanical  studi('s.  FundaimMital  studies  in  plant  anatomx  and 
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niorphologv  were  initiated  by  Marcello 
iniali  Grew  (1641-1712).  The  discovery 


Malpighi  (1628-1694)  and  Nehe- 
of  “cells”  in  cork  hy  Robert  Hooke 


(163.5-1703),  initiated  the  study  of  cytology,  which  was  destined  to  reunite 
botany  anti  zoology.  The  roots  of  genetics  can  be  traced  to  the  experi¬ 
mental  studies  of  the  Dutch  botanist  Rudolph  Jacob  Camerarius  (166.5- 
1721)  demonstration  of  sexuality  in  plants  and  to  the  later  hybridization 
experiments  of  [.  G.  Koelreuter  (17.3.3-1806).  Interest  in  systematics  was 
revived,  and  as  the  number  of  known  plants  increased,  a  series  of  attempts 


were  made  to  formulate  a  SN'stem  of  classification.  It  remained  for  Linnaeus 
(1707-1778)  to  develop  a  workable  method  based  on  a  sexual  system.  The 
beginnings  of  plant  phvsiolog\'  were  stimulated  by  llar\eys  discoxery  of 
blood  circulation  in  1628.  Not  until  the  eighteenth  century,  liowexer,  were 
fundamental  studies  in  physiology  made,  such  as  Stephen  Hale’s  ( 1677- 
1761)  investigations  of  the  movement  of  sap  and  Joseph  Priestly’s  work 
( 17.3.‘3-1804 )  on  the  production  of  oxygen  by  plants. 

The  history  of  the  plant  sciences  becomes  meaningful  only  when  the 
significance  of  the  fundamental  discoveries  is  understood.  The  story  of 
botany  and  experimental  horticulture  in  the  last  150  years  is  in  a  sense  the 
subject  of  the  following  chapters.  Similarly,  the  modern  history  of  the 
horticultural  industry,  which  represents  the  accumulated  technology  and 
science  of  many  lands,  cannot  be  stated  briefly.  For  the  study  of  this,  the 
reader  must  investigate  particular  crops  and  particular  countries.  This  sub¬ 
ject  will  be  discussed  briefly,  however,  in  Part  HI,  The  Industry  of  Horti¬ 
culture. 


Infiiience  of  Tweiitieth-cetitiin/  TecJinologij 

The  most  remarkable  feature  of  present-dav  agriculture  in  the  United 
States  is  that  the  increased  production  of  the  last  .50  years  has  taken  place 
in  spite  of  a  decreasing  acreage  and  a  shrinking  farm  population.  In  1910, 
each  farmer  produced  for  himself  and  7  others;  in  1960  he  “supports”  26 
people.  This  increase  in  elficiency  is  the  result  of  improved  technology. 
I  he  magnitude  of  this  increase  in  efficiency  has  been  such  that  our  recent 
agricultural  problems  are  overproduction  and  low  prices. 

Technological  change  can  be  defined  as  the  change  in  production  result¬ 
ing  directly  from  the  u.se  of  new  knowledge.  In  general,  technological 
change  is  measured  by  the  change  in  output  (production)  per  unit  input 
of  land,  labor,  and  capital  within  a  given  period  of  time.  The  rate  of 

teclmological  change  is  not  constant,  because  scientific  progress  does  noi 
ordinarily  occur  as  a  steady  flow. 
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In  agriculture,  tecliuological  change  may  produce  savings  in  terms  ol 
eitlier  labor  or  capital.  The  classic  agricultural  inventions,  the  plow,  the 
reaper,  and  the  tractor,  have  reduced  labor.  Thev  substitute  capital  tor 
labor,  which  does  not  necessarily  increase  yield  per  sc.  The  technological 
Improvement  of  labor-sa\  ing  devices  results  in  capital  sa\  ings.  Technologi¬ 
cal  changes  as  a  result  of  genetic  gain,  improved  nutrition,  or  irrigation 
bring  about  an  increase  in  yield  per  unit  of  land  and  become  capital  im¬ 
provements,  sav  ing  land  and  reducing  expenses. 

The  increase  in  United  States  agricultural  production  from  1880-1920 
was  largelv  a  reflection  of  the  increase  in  expenditures — more  land  and 
more  labor.  Returns  per  acre  remained  relatively  constant.  The  replace¬ 
ment  of  horse  power  by  the  gasoline  engine  in  the  1920's  was  the  first  great 

step  in  the  tvventieth-centnrv  scien¬ 
tific  revolution.  Ilnndreds  of  thou¬ 
sands  of  acres  formerlv  used  for 
feed  were  released,  .^s  a  result, 
the  heretofore  expanding  farm 
acreage,  as  well  as  the  increasing 
farm  labor  force  was  stabilized 
during  the  decade  following  \\’orld 
War  1.  The  resurgence  of  genetic 
investigations  in  the  (jiiarter  cen- 
turv  following  the  rediscovery  in 


Fig.  1-13.  Duri)ig  the  WSO's  in  the 
United  States,  there  was  a  marked  in- 
erease  i)i  the  crop  produetion  per  acre, 
with  less  crop  howl  used. 

[licononiic  HfSfarcli  Servicf,  USDA.] 


1900  of  Gregor  Mendel’s  (1822- 
1884 )  paper  on  inheritance  began 
to  vield  technological  advances  in  the  form  of  improved  plant  varieties.  The 
development  of  hvbrid  corn  was  the  most  spectacular  of  these  achievements. 
These  improved  genetic  stocks  in  combination  with  the  increased  use  of 
inorganic  fertilizers  accounted  for  a  large  part  of  the  tremendous  increase 
in  production  necessitated  by  World  War  11. 

In  the  late  194()’s  there  was  initiated  a  whole  new  set  of  technological 
advances,  made  possible  by  basic  research  in  the  preceding  decades,  .'\gii- 
cnltnral  chemicals  in  the  form  of  weed  killers,  organic  fungicides  and  in¬ 
secticides  (piickly  followed  the  spectacular  commercial  success  of  the  bioad- 
leaf  vve(“d  killer  2,4-1).  The  effects  of  these  improvements  were  to  increase 
vi(‘lds  jH-r  unit  area  as  well  as  conserve  labor  (Fig.  1-13).  Mechanization 
increased  in  the  195()’s  to  include  even  “choix*”  jobs,  and  reeently  supple¬ 
mental  irrigation  in  tlu'  Eastt'in  Lbiited  8tate.s  (it,  of  course,  had  long  been 
used  in  the  West)  has  permitted  the  use  of  additional  fertilizer.  The  ni't 
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Fig.  1-14.  United  States  agricultural  productivitt/  meas¬ 
ured  in  terms  of  output  per  unit  of  input  shows  a  steadij 
increase  from  the  late  IQSO’s. 

[Agiiciiltuial  Research  Ser\ice,  USDA.] 


result  lias  appeared  as  a  steady  increase  in  agricultural  efficiency  (  Fig.  1-14). 
Tliis  trend  does  not  appear  to  be  changing. 

The  horticultural  industry  lias  follo\yed  this  trend  in  aericulture  yery 

O  , 

closely.  The  a\erage  acre  yields  of  the  California  tomato  processing  industry 
pioxide  a  striking  e.xample  of  this  pattern.  Technological  improyements  in 
the  form  of  genetic  gain  in  addition  to  improx'ed  fertilization  and  irrigation 
practices  ha\’e  tripled  the  ayerage  yield  per  acre  within  two  decades,  as 
shown  in  Fig.  1-L5. 


lig.  1-1.5.  Yield  per  acre  of  processing  tomatoes  in  California. 

[Data  from  Agricultural  Marketins  Service,  USD.A.] 
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1lu‘  trend  in  technological  improvements  in  horticulture  is  clear,  hroh- 
ahly  the  main  increase  in  efficiency  will  come  from  the  reduction  in  the 
labor  force  during  the  harvesting  operation.  In  many  crops  (beans,  sweet 
corn,  and  radishes )  this  has  been  accomplished  bv  mechanical  harvesting. 
A  mechanical  “pickle”  harvester  is  in  limited  operation,  and  it  appears  that 
the  mechanical  harxesting  of  tomatoes  may  soon  become  a  reality  as  mav 
raspberries,  blueberries,  and  stone  fruits.  In  apples,  the  reduction  in  tree 
size  by  the  use  of  dwarfing  rootstocks  or  improved  pruning  methods  and  the 
increased  mechanization  of  fruit  handling  and  grading  have  provided  dif¬ 
ferent  approaches  to  labor-saving  practices.  Large  genetic  gains  in  certain 
seed-propagated  horticultural  crops  (onions,  cucurbits,  and  crucifers)  are 
being  obtained  with  improved  breeding  methods  that  incorporate  Iwbrid 
\  igor.  In  addition,  acb  ances  in  chemical  and  mechanical  weed  control  point 
to  the  complete  elimination  of  hand  cultix  ation.  It  is  difficult  to  predict  the 
exact  course  of  technological  advance.  Many  necessary  discoveries  have  yet 
to  be  made.  Howex’er,  if  the  increase  in  technological  advance  proceeds  at 
the  same  rate  as  it  has  over  the  last  20  vears,  this  will  be  suffieient  to  more 
than  increase  production  to  provide  for  our  increase  in  population  and  to 
compensate  for  the  continuing  reduction  of  farm  acreage  and  farm  popula¬ 
tion.  The  Malthusian  law  is  not  yet  in  operation! 

Many  of  these  improvements  have  undoubtedly  been  possible  because  of 
the  organization  of  research  essential  to  agriculture.  The  agricultural  experi¬ 
ment  stations  system,  made  possible  by  the  Morrill  Act  of  1862,  has  provided 
a  ready  supply  of  basic  and  applied  research.  The  results  are  ex  idenced  by 
bountiful  supplies  of  food  and  fiber. 
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T1  le  Classification 
of  Horticultural  Plants 

Bi/  ARTHUR  H.  WESTING,  Purdue  Uuiccr.sHij 


A  classification  is  onhj  a  tcmj)oiari/  structure,  which  not 
only  can,  Imt  must  undergo  changes  in  accordance  ivith 
the  growth  of  factual  knowledge. 

K.  D.  GLINKA 


Since  ancient  times  man  lias  named  and  categorized  the  many  plants  tliat 
surround  liim  and  upon  wln'cli  he  is  dependent  tor  his  ver\’  existence.  One 
can  readily  surmise  that  his  earliest  classifications  simplv  dix  ided  plants  into 
the  harmful  ones  and  the  useful  ones  (a  dixasion  of  xalue  to  this  dax!). 
Additionally  he  prohahly  dixided  the  plants  according  to  their  uses.  Such 
classifications  thus  met  the  need  of  arranging  xx  hat  must  hax  e  been  an 
otherxx  ise  hexx  ildering  array  of  objects.  Practical  systems  are,  of  course,  per¬ 
fectly  xalid  prox  ided  they  are  logically  conceixed,  consistent,  and  therefore 
capable  of  prt*dictix  e  use. 

Olten  superimposed  on  the  practical  systems  of  classification  are  those 
based  upon  groxx  th  habit  or  other  gross  physiological  characteristics.  Thus 
plants  can  he  characterized  as  being  succulent  (herbaceous)  or  woody. 
Succulent  seed  plants  possessing  self-supporting  stems  are  knoxvn  as  herbs. 
A  plant  xxhose  stem  reijuires  support  for  upright  groxx  th  mav  he  a  climbing 
or  trailing  plant;  if  nonxvoody  it  is  knoxxn  as  a  vine,  xxhereas  a  xxoody  plant 
of  such  habit  is  correctly  called  a  liana,  although  often  included  xx’ith  the 
xines.  The  self-supporting  xxoody  plants  are  either  shrubs  or  trees,  the  trees 
being  characterizi'd  hx-  a  single  central  axis  and  the  shrubs  hv  sex  eral  more 
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or  less  upriglit  stems.  Trees  are  trecpientK'  taller  than  shrubs.  OccasionalK 
the  distinction  between  trees  and  shrubs  inav  be  obscured  bv  environnu'utal 
conditions  or  bv  horticultural  “training.” 

Plants  that  are  leafless  during  a  portion  of  the  year  (usuallv  the  winter) 
are  referred  to  as  deciduous:  those  whose  leaves  persist  the  vear  round  arc* 
known  as  eecrorcens.  K\ergreens  actually  inav  lose  their  lea\es  annuallv, 
but  not  until  a  new  set  ol  U‘a\es  has  de\eloped.  d'he  deciduous  habit  is 
often  associated  with  temperate  regions;  the  persistent,  with  tropical  regions. 

Another  classification  of  ob\ious  importance  to  the  horticulturist  is  based 
on  life  span,  and  di\  ides  plants  into  annuals,  biennials,  and  perennials.  The 
annual  plant  is  one  that  normally  completes  its  entire  life  cvcle  during  a 
single  grow  ing  season.  Spinach,  lettuce,  and  petunia  are  examples  of  annuals. 
When  a  subtropical  perennial  such  as  tomato,  eggplant,  or  coleus  is  grown 
in  a  temperate  region,  it  cannot  survive  the  relativelv  cold  winters,  and 
under  such  conditions  becomes  an  annual.  Certain  biennials  such  as  carrots 
or  beets  are  grown  for  their  overwintering  storage  organs  and  are  thus 
har\  ested  as  annuals  at  the  end  of  the  first  growing  season. 

The  biennial  plant  normalK'  completes  its  life  cvcle  during  a  period  of 
two  growing  seasons.  During  the  first  summer  its  growth  is  entirely  \egeta- 
ti\e,  the  plant  often  being  low  in  form — a  so-called  rosette.  The  winter 
following  the  first  growing  season  pro\  ides  the  low  temperatures  necessary 
for  this  tvpe  of  plant  to  “bolt”  or  send  up  a  seed  stalk  during  the  second 
growing  season,  and  then  to  flower  and  set  fruit.  Celery,  parsnip,  and  e\’e- 
ning  primrose  are  among  the  biennials.  If  the  climate  is  mild  enough,  an 
annual  such  as  spinach  can  be  planted  in  the  fall  and  harvested  the  follow¬ 
ing  spring,  and  thus,  although  not  re(juiring  a  period  of  low  temperature, 
it  can  be  grown  in  much  the  same  wav  that  biennials  are  grown. 

The  perennial  plant  grows  year  after'  year,  often  taking  many  years  to 
mature.  Unlike  annuals  and  biennials,  the  perennial  does  not  necessarily  die 
after  flowering.  Although  herbaceous  plants  are  found  in  all  three  cate¬ 
gories,  woodv  plants  are  usuallv  perennial.  The  many  fruit  trees,  as  well 
as  the  ornamental  shrubs  and  trees,  are  examples  known  to  all  (hig.  --1)- 
Asparagus,  rhubarb,  and  our  N  arious  bulb  crops  are  among  the  herbaceous 
perennials  in  which  the  abo\  e-ground  parts  are  killed  each  yeai  in  a  tempei- 
ate  region,  but  where  the  roots  remain  ali\e  to  send  up  new  shoots  each 
spring.  An  interc'sting  situation  exists  with  respect  to  the  genus  Ruhus  (the 
raspberries  and  other  brambles)  in  which  the  roots  arc'  perennial  and  the 
shoots  biennial  (Fig.  2-2). 

Plants  can  also  be  variously  classified  according  to  their  temperature  toler¬ 
ances.  Thus  the  horticulturist  laders  to  tender  plants  and  hardy  plants  with 
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Fig,  2-1.  Blue  spruce  (Picea  pungens 
Eu^ehu.;  Faniih/  Phuieeae,  Order  Co- 
nifcrales.  Class  Gyinnospenuae) .  This 
majestic  tree  is  found  scattered  pri- 
mardy  on  the  middle  and  upper  slopes 
of  the  Rocky  Moioitains.  Mature  trees 
are  often  100  ft  tall  and  live  for  more 
than  500  years.  The  .several  available 
cultivars  are  prized  hi^ldy  as  ornamen¬ 
tals,  owin^  tiot  only  to  their  beautiful 
habit  and  foliage  hut  also  to  their 
ability  to  withstand  drought  and  ex¬ 
tremes  of  temperature. 

[Photograijh  by  J.  C.  Allen  &  Son.] 


reference  to  tlieir  ability  to  withstand  low  winter  temperatures.  For  woody 
plants  the  additional  distinction  is  sometimes  made  between  so-called  wood 
hardiness  and  flower-bud  hardiness.  The  former  refers  to  the  winter  cold- 
resistance  of  the  plant  as  a  whole;  the  latter,  to  the  abilit\'  of  the  flower  buds 


Fig.  2-2.  Black  raspberry  (  Pubus  oc- 
cidcntalis  L.;  Eamihy  Ro.saceae,  Sub- 
cla.ss  Dicot yledoneae) .  Raspberries  are 
noted  for  their  fruits,  ecpially  delicious 
raw  or  as  pre.serve.s.  There  are  numer¬ 
ous  cultivars  of  this  native  North 
American  shrub  and  its  various  related 
species.  Altluni^h  the  roots  of  the  rasp¬ 
berry  are  })(  rcnidal,  its  shoots  are  bi¬ 
ennial.  M(nd)er.s  of  this  <^enus  are 
often  Iff  erred  to  as  brambles,  particu¬ 
larly  in  Enp^land. 

[I’hotograpb  by  J.  C.  .\lkn  &  Son.] 
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to  suiA-ive  low  winter  temperatures.  For  example,  even  though  apricot  trees 
eoulcl  surxive  in  many  parts  of  the  United  States,  their  culture  is  restricted 


to  Ualifoinia  because  of  their  limited  Hower-hud  hardiness.  Similarly,  the 
ginkgo  can  be  grow  n  as  an  ornamental  in  central  Canada  but  cannot  Hower 


and  set  fruit  there.  It  must  be  remembered  that  temperate-zone  plants 
harden  off  in  the  fall  to  be  come  far  more  cold-resistant  in  winter  than  in 
summer. 

Plants  are  sometimes  also  classified  according  to  their  temperature  re- 
([uirements  during  the  grow  ing  season.  For  example,  peas  are  a  t\  pical  cool- 
season  crop,  w'hereas  tomatoes  are  a  t\'pical  warm-season  crop.  This  charac¬ 
teristic  is  sometimes  related  to  seed-germination  re(juirements. 

The  landscape  architect  may  wish  to  classify  plants  according  to  their 
habitat  or  site  preferences.  In  addition  to  recognizing  the  obvious  desert  and 
a({uatic  types,  it  is  very  important  for  him  to  know'  whether  an  ornamental 
plant  is  best  suited  to  moist  or  dry  sites,  to  sunny  or  shady  eonditions,  to 
acid  or  alkaline  soils. 


.\  HORTICULTURAL  PLANT  CLASSIFICATION 

Elaborations  of  the  ancient  plant  classifications,  which  w'ere  based  upon 
use,  are  still  the  most  important  ones  to  the  horticulturist.  Plants  are  con¬ 
veniently  separated  into  those  which  are  edible,  those  w'hich  serve  as  a 
source  of  drugs  or  spices,  those  that  are  of  ornamental  \’alue,  and  so 
forth.  Although  almost  any  intensively  cultured  plant  rightly  comes  under 
the  domain  of  horticulture,  primary  effort  is  centered  about  the  various  tra¬ 
ditional  “garden”  plants.  The  grains,  for  example,  are  excluded  from  horti¬ 
cultural  consideration  because  they  are  extensively  managed  field  crops. 

The  hortievdturist  divides  the  edible  garden  plants  into  ve^et(i])Ies  and 
fruits.  Generallv  considered  as  veget(d)les  are  those  herbaceous  plants  of 
which  some  portion  is  eaten,  either  cooked  or  raw,  during  the  principal  part 
of  the  meal  (Figs.  2-3  and  2-4).  Common  examples  are  spinach  (edible 
leaf),  a.sparagus  (edible  .stem),  beet  (edible  root),  cauliflow'er  (edible 
flower),  eggplant  (edible  fruit),  and  pea  (edible  seed).  Fruits,  on  the  other 
hand,  are  the  plants  from  which  a  more  or  less  succulent  fruit  or  closely 
related  structuix'  is  commonlv  eaten  as  a  dessert  or  snack.  Fruit  plants  are 
most  often  jicixmnial  and  arc*  usually  woody.  W'hereas  those  of  tlu*  temperate 
zones  ari’  jnimarilv  deciduous,  tlu*  tropical  aud  subtropical  plants  are  usu¬ 
ally  (‘vergreen.  Fruits  borm*  on  trees  are  ternu'd  tree  fruits,  among  which 
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Fig.  2-3.  Artichoke  (Cynurascoh  inus 
Pamihj  Conipo.sitac,  Suhcla.ss  I)i- 
coti/lcdoncac) .  The  ficslnj  foicer  head 
of  the  artichoke  is  cooked  as  a  vc^e- 
tahle  and  is  considered  a  delicaci/  hi/ 
nianij.  This  perennial  herb  is  native  to 
the  Mediterranean  re<i^ion  and  is  poicn 
as  a  field  crop  in  parts  of  Europe  and 
the  United  States.  The  artichoke  il¬ 
lustrated  is  not  to  he  confused  with 
the  Jeru.saletn  artichoke  ( Helianthus 
tiiherosus  L.),  another  ve(/,etahle  plant 
in  the  same  familtj  orown  for  its  edible 
tuber. 

[Pliotoirraph  by  J.  C.  Allen  &  Son.] 


Fig.  2-4.  Sweet  potato  (Ipomoca  ba¬ 
tatas  Poir.;  Famihj  Convolvulaceae, 
Subcla.ss  Dicot i/ledoneae) .  The  edible 
portion  of  this  vine  is  the  tuberlike 
root,  which  is  cooked  and  eaten  as  a 
ve<ietable.  Sweet  potatoes  originated 
in  tropical  America  but  are  now  a 
eommon  starcln/  food  throughout  the 
warmer  repons  of  the  world  and  are 
a  truck  crop  of  .some  importance  in 
the  .southern  United  States.  The  mam/ 
cultivar.s  fall  into  two  pmeral  ti/pe.s, 
tho.se  having  dry  mealy  flesh,  and 
those  havin/:^  .soft,  moi.st  flesh.  Sweet 
/potatoes  are  known  as  yams  in  th< 
southern  United  States  but  are  not  to 
be  confu.sed  with  the  true  yam  (Di- 
osc'orea  sjyjh.  Family  Dio.scoreaceae, 
Subcla.ss  Monocotyledoneae) ,  another 
very  important  .starchy,  tuberlike  vep 
etable  pawn  in  the  tropics. 

[I’botonrapb  b>  J.  C.  Allen  &•  Son.] 
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hig.  '2-0.  Soar  chcrrij  (Pninus  cerasiis 
L.;  Paiuihj  Rosaccac,  Subclass  Dicoti/- 
Icdoncac) .  Cherries  hacc  been  an  int- 
portant  fruit  crop  in  Europe  and  in 
Asia  since  the  be^inniu^s  of  agricul¬ 
ture.  Hundreds  of  eultivars  of  this 
species  and  the  closeh/  related  sweet 
cherry  (P.  avium  L.)  are  cultivated 
throughout  the  temperate  jwrtions  of 
the  world.  Because  of  their  blos.soms, 
ehernj  trees  also  rank  among  our  most 
V(dued  ornamentals.  Sonw’  species  of 
cherry  provide  an  import a)it  cabinet 
wood  that  is  known  for  its  high  silky 
lu.ster  and  great  beauty. 

[PhotDuraph  hy  J.  C.  Alton  &  Son.] 


are  the  pear,  cherry  (Fig.  2-5),  orange,  papaya  (Fig.  2-6),  and  date  (Fig. 
2-7).  Fruits  borne  on  low-grow'ing  plants,  such  as  shrubs,  lianas,  and  some 
herbs,  are  known  as  the  small  fruits.  Examples  are  the  raspberiA',  cranberry, 
grape,  and  strawberry.  Nuts,  w'hich  may  be  considered  as  a  special  sub- 


Fig.  2-6.  Papaya  (Carica  papaya  L.; 
Family  Caricaceae,  Subclass  Mono- 
cotyledoneae) .  The  tree-like  .semiherb 
that  bears  this  delicious  fruit  is  a  na¬ 
tive  of  troj)ical  America  but  is  )iow 
cultivated  pantropically.  Papayas  have 
become  exceedingly  poptdar  in  Hawaii 
and  elsewhere.  They  are  mostly  eaten 
rate  but  are  also  either  boiled  as  vege¬ 
tables  or  pickled.  The  seeds  are  a  com¬ 
mercial  .source  of  the  enzyme  papain. 

f hy  J.  C.  .Allon  &  Son.] 
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Fig.  2-7.  Date  palm  (Phoenix  chict)- 
liferu  L.;  Family  Palmae,  Subclass 
Monocotylcdoncac).  Date  palms  have 
been  cultivated  for  their  fruits  aUm<^ 
the  Tigris  and  Euphrates  Rivers  for 
more  than  4()()0  years.  Apparently 
originalh/  native  to  the  \ear  East, 
date  palms  are  now  widely  cultivated 
throughout  the  warmer  regions  of  the 
world,  including  parts  of  California 
and  Arizona.  Dates  are  the  principal 
food  crop  from  Iran  to  Arabia  and 
all  throughout  \orth  Africa.  The  trees, 
often  100  ft  tall,  are  also  locally  im¬ 
portant  for  their  wood  as  well  as  for 
their  sugary  .sap. 

[Pliotouraph  l)y  J.  C.  Allen  &  Son.] 

category  of  the  fruits,  are  characterized  by  a  hard  shell  that  is  separable 
from  a  firm  inner  kernel — the  meat.  Familiar  examples  are  the  pecan,  wal¬ 
nut,  and  cashew. 

It  must  be  stressed  that  no  precise  distinction  can  be  made  between  the 
terms  fruit  and  vegetable.  Although  the  definitions  given  above  hold  true 
for  most  edible  plants,  especially  those  grown  in  the  north  temperate  re¬ 
gions,  the  ancient  and  popular  origins  of  these  terms  have  resulted  in  certain 
anomalies.  Thus,  when  the  edible  portion  of  a  plant  is  stem,  leaf,  or  root, 
there  is  seldom  any  (question  that  one  is  dealing  with  a  vegetable.  However, 
rhubarb,  with  its  edible- petiole,  is  considered  a  fruit  in  some  parts  of  the 
world  because  of  its  use  as  a  dessert.  If  the  fruit  (botanically  speaking)  con¬ 
sists  of  the  edible  portion  of  an  herbaceous  plant,  the  situation  is  often  more 
confusing.  Thus,  the  banana  and  the  pineapple  are  considered  as  fruits, 
whereas  the  melon,  tomato,  cucumber,  scjuash,  pepper,  and  plantain  are 
\  ariously  regarded  as  \'egetables  or  fruits,  depending  upon  national  or  even 
local  tradition.  It  might  be  mentioned  that  as  a  result  of  a  (juestion  of  import 
duties  the  status  of  the  tomato  was  legally  established  in  this  countrv  as  a 
vegetable  by  a  U.S.  Supreme  Court  decision  of  1893. 

Plants  used  for  their  ornamental  value  are  commonlv  separated  into 
nursery  jdants  and  floricultural  plants,  or  flowers.  The  flowers  (often  herba¬ 
ceous)  are  primarily  grown  for  their  blossoms  (Fig.  2-S),  but  are  occa- 
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Fig.  2-8.  Lady  slipper  (Calceolaria 
herheoliyhrida  Voss;  Family  Scropliu- 
lariaccae.  Subclass  Dicotyledoneae) . 
Lady  slippers  or  calceolarias  arc  ad¬ 
mired  for  their  shoicy  pouch-shaped 
flowers,  which  come  in  a  variety  of 
colors.  These  herbaceous  flowers  are 
native  to  tropical  America. 

[Pbotojiraph  !)>•  |.  C.  Allen  &  Son.] 


sionally  grown  for  their  showy  leaves  (Fig.  2-9).  They  are  often  separated 
aeeording  to  their  annual,  l^iennial,  or  perennial  nature.  The  petunia,  eve¬ 
ning  primrose,  and  tulip  are  e.xainples  of  each.  The  nurserv  plants  ( pri¬ 
marily  woody  and  perennial )  are  most  often  raised  for  landscaping  pur¬ 
poses.  They  are  thus  often  classified  according  to  their  form  or  growth  habit. 
The  horticulturist  recognizes  lawn  or  turf  plants  (herbaceous  perennials), 
ground  cover  (either  herbaceous  or  woodv  perennials),  vines  (herbaceous 
or  woodv,  and  most  often  perennial ),  shrubs  (usually  restricted  by  the  nnrs- 
ervinan  to  deciduous  shrubs),  evergreens  (woody,  evergreen  shrubs  or 
trees),  and  trees  (commonly  limited  by  the  nurseryman  to  deciduous  trees). 


Fig.  2-9  Caladium  (Caladium  hi- 
color  Vent.;  Family  Araccae,  Suhcla.ss 
Monocoti/lcdoneae) .  Caladium  is  a  de¬ 
ciduous  herhaceotts  perennial  native 
to  tropical  America.  It  is  (irown  as  a 
foliage  plant  hicau.se  of  its  beautifully 
and  variously  patterned  leaves. 

i  I'liotoi'r.ipli  ()>  J.  ( !.  Mini  i((  Son.) 
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Fig.  2-10.  Fcritcinkic  (N’iiica  minor 
L.,  Pannhf  Ajiacifnaccar,  Subclass  Di¬ 
cot  t/b’donrac) .  Pcriiciuklc,  also  known 
(IS  nn/rtlc,  is  an  often  cultivated,  trail- 
inn,  cvcrnrccn  herb.  It  makes  a  hardi/ 
nronnd  cover  that  is  cspccUdUj  suited 
to  moist  sliadij  areas.  The  plant  illus¬ 
trated  is  a  partienlarUj  attractive  vari- 
enated  enitivar  that  has  solitarij  blue 
flowers. 

[I’hotoKraph  by  ,1.  C.  Allen  &  Son.] 

(.'oiiimon  e.xamples  of  eacli  of  these  eategories  are  blue  grass,  periwinkle 
(Fig.  2-10),  English  ivv,  \’iburninn  (Fig.  2-11),  juniper  (Fig.  2-12),  and 
hireh  (Fig.  2-13),  respectively. 

The  discerning  student  will  recognize  that  the  various  categories  being 
described  are  not  all  mutually  e.\elusi\e.  Thus  a  grape  \’ine  when  cultured 
for  its  edible  berr\’  is  considered  to  be  a  small  fruit,  but  when  grown  in  a 
garden  to  cover  a  trellis  or  arbor  it  is  considered  to  be  an  ornamental.  A 
walnut  tree  can  be  grown  for  its  nuts  or  as  an  ornamental  or  for  its  highlv 
prized  w  ood.  A  hazel  shrub  mav  be  considered  to  be  a  crop  plant  ( filberts ) 
by  the  commercial  grower,  may  be  considered  an  ornamental  bv  the  gar¬ 
dener,  or  may  be  considered  an  undesirable  or  w’ced  species  bv  the  forester. 


Fig.  2-11.  Arrowwood  viburnum  (\’i- 
hurmim  dentatum  L.;  Famibf  Capri- 
foliaceae.  Subclass  Dicot i/lcdoneae) . 
I  he.se  handsome  woodij  jicrennials  are 
among  our  most  important  ornamental 
shrubs.  They  arc  noted  for  their  at¬ 
tractive  clu.sters  of  flowers  and  fruits, 
as  leell  as  for  their  foliage.  There  are 
about  two  dozen  viburnum  species  of 
horticultural  importance.  The  arrow- 
wood  illu.strated  here  is  a  natiiu-  of  the 
Ihiited  States  and  prefers  moist  .sites. 
I  he  tough,  pliant  .shoots  leere  once 
used  to  make  arrows. 

[I’botosiraph  In  J.  C.  Allen  iv-  Son.] 
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Fi".  2-12.  rfxtzcr  juniper  [JimipcTiis 
media  var.  pfitzeiiana  {Bcissti.)]  Van 
Melle  [=  J.  chinciisis  /.  pfitzeiiana 
(Spath)  Rehd.];  Pamilij  Cupressaceae, 
Order  Conifcrales,  Cdass  (U/mno- 
sperinae) .  This  beautiful  evergreen 
shrub  from  Cdiina  forms  a  broad  pipa- 
mid  icith  its  spreading  branches  and 
nodding  hranchlets.  The  grai/ish-green 
U’aves  are  needle-shaped  on  juvenile 
plants  and  scale-like  on  mature  ones, 
a  widespread  phenomenon  in  this 
family.  This  shrub,  presumed  to  be 
the  hybrid  J.  sahina  L.  X  J.  sphaerica  Lindley,  is  one  of  the  rare  gi/mnospermous 
polyploids.  I  he  blue  berry-like  fruits  are  used  to  give  gin  its  characteristic  flavor. 
Seeti  climbing  the  wall  in  the  background  is  Japanese  (or  Bo.ston)  ivy  [Partheno- 
cissns  triciispidata  (Sicb.  et  Zuee.)  Planch.],  a  deciduous  liana. 


[Photograph  hy  J.  C.  Allen  &  Son.] 


The  horticultural  plant  classification  just  described  (outlined  below)  is  an 
operational  one,  since  it  is  based  upon  the  use  to  which  we  put  the  plants. 
As  such  it  is  not  only  an  overlapping  classification  hut  may  often  be  an 
empirical  and  arbitral^’  one  as  well.  Moreover,  it  is  a  classification  that  is 
subject  to  change  over  the  years  as  we  discover  new  uses  for  plants  and 


Fig.  2-1.3.  Weeping  birch  (Betiila 
jsendula  Roth;  Family  Betulaceae, 
Subclass  Dicotyledoncae).  The  slender, 
gracefully  drooping  branches  and  the 
white  papery  bark  exjdain  the  exten¬ 
sive  use  of  the  wee})ing  birch  as  a 
lawn  tree.  Xumerotts  cultivars  are 
available.  Tannins  for  the  leather  i)i- 
dustrij  have  been  extracted  from  the 
hark  iti  Europe,  where  if  is  native. 

[F’hotrigraph  hy  J.  C..  Allen  &  .Son.] 
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discard  old  ones,  d'lie  fundamental  value  of  this  classification,  of  course,  is 
that  it  groups  economic  plants  according  to  the  similarities  of  their  cultural 
rc‘(juirements  as  well  as  according  to  the  similarities  of  their  utilization  and 
marketing  problems. 


A  HOin  ICULTl  HAL  CLASSIFICATION  OF  PLANTS 

Edible  ))la)}ts 

VEGETA HLES 

Plants  ^rown  for  aerial  portions 

Cole  crops  (cal)hage,  cauliHower,  broccoli) 

Legumes  or  pulse  crops  (pea,  beau,  so\hcau) 

Solauaceous  fruit  crops  (tomato,  eggplant,  pepper) 

Cucurbits  or  \  ine  crops  (cucumber,  stjuash,  melon) 

Greens  or  pot  herbs  (spinach,  chard,  dandelion) 

Salad  crops  (lettuce,  celerv,  parsle\',  endi\e) 

Miscellaneous  (corn,  asparagus,  okra,  mushroom) 

Plants  grown  for  underground  portions 
Hoot  crops  (beet,  carrot,  radish,  turnip) 

Tubers  and  rootstocks  (wAiite  potato,  Jerusalem  artichoke,  taro,  cassava, 
\am ) 

Hull)  (and  conn)  crops  (onion,  garlic,  shallot) 

FlUTTS 

Temperate  (deciduous)  fruits 

Small  fruits  (cranberry,  grape,  raspherr\-,  straw herr\  ) 

Tree  fruits 

Pomes  (apple,  pear,  <iuince) 

Stone  truits  or  drupes  (cherry,  peach,  plum,  apricot) 

Nuts  (pecan,  filbert,  walnut) 

Tropical  and  subtropical  (evergreen)  fruits 
Herbaceous  perennials  (pineapple,  l)auaua) 

Tree  fruits 

Citrus  fruits  (orange,  lemon,  grapefruit) 

Miscellaneous  (fig,  date,  mango,  papa\a,  axocado) 

Nuts  (cashew’,  Hrazil  nut,  macadamia) 


Ornamental  plants 

ELOWEUS  AM)  FOLIAGE  PLANTS 

Annuals  (petunia,  zinnia,  snapdragon) 

Hieuuials  (evening  primrose,  hollyhock,  sweet  william) 
leiennials  (tulip,  peony,  chrysanthemum,  philodendron) 


Classification  of  I lorticnitiiral  Plants  [C.'liap.  2] 

M  HSiaiY  IM.AN'TS 

Lawn  (turf)  plants  (l)lne  grass,  licrnnKla  grass) 

(aonncl  co\er  (periwinkle,  seclnm) 

\  ines,  hotli  herl)aceous  and  woody  (\’irginia  creeper,  grape,  English  ivy) 
Shrubs,  commonly  restricted  to  deciduous  sliriihs  (forsvthia,  lilac) 

t'lgreens,  both  shrubs  and  trees  (spreading  juniper,  rhododendron,  w  hite 
pine) 

Trees,  commonly  restricted  to  deciduous  trees  (pin  oak,  sugar  maple,  larch) 
A / isceUaneous  plants 

Herbs,  spices,  drugs  (dill,  nutmeg,  castor  bean,  (juinine,  digitalis) 

Be\erage  plants,  nonalcoholic  (cohee,  tea,  cacao,  mate) 

Oil-yielding  plants  (tung,  spearmint) 

Rubber  plants  ( para  rubber  tree ) 

Plants  yielding  gums  or  resins  (sweet  gum,  slash  pine) 

Christmas  trees  (balsam  fir,  Scotch  pine) 


A  SCIENTIFIC  PLANT  CLASSIFICATION 

Man  is  by  nature  a  inetliodical  creature  and  has  aKvays  attempted  to  dis¬ 
cover  natural  order  in  the  universe.  His  pliysical  environment  he  earlv  clas¬ 
sified  into  its  “elements” — air,  earth,  water,  and  fire.  All  living  things  were 
classed  as  either  animal  or  vegetable.  The  vegetable  or  plant  kingdom  he 
has  attempted  to  divide  in  manv  wavs.  .\s  long  ago  as  three  centuries  betore 
Christ  the  Creek  philosopher  Theophrastus  classified  all  plants  into  annuals, 
biennials,  and  perennials  according  to  their  life  spans,  and  into  herbs,  slu  ubs, 
and  trees  according  to  their  growth  habits;  be  further  divided  tlic  trees  ac- 
cording  to  their  deciduous  or  evergreen  natures  and  their  various  branching 
habits. 

During  the  twentv  centuries  following  the  time  of  Theophrastus  a  multi¬ 
tude  of  classifications  and  an  endless  number  of  lists  of  useful  plants 
(“herbals”)  were  accepted  and  discarded  (Fig.  2-14).  It  was  not  until  the 
middle  of  the  eighteenth  centur\'  that  a  Swedish  physician  named  Carl  xon 
Linne  revolutionized  the  fields  of  plant  and  animal  classification,  or  taxon¬ 
omy.  His  labors  earned  Linnaeus  (the  Latinization  by  which  Linne  is  most 
commonh’  known)  the  title  of  the  father  of  taxonomy.  He  established 
groups,  large  and  small,  that  depended  upon  strncttiral  or  morphological 
similarities  and  differences.  He  recognized  the  \'ahie  of  basing  the  taxonomic 
criteria  for  plants  on  the  morphology  of  their  st'xual  or  reproducti\e  parts 
the  plant  organs  least  likcK'  to  be  influenced  by  einironmental  conditions. 
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I,i„„aeus  singlcliandocllv  (lescrilKxl  a.Kl  assigned  nanu-s  to  over  1300  .liffe,- 
ent  plants  front  tite  fonr  corners  of  the  earti,  (at.d  to  as  tr.any  or  n.ore  ant- 
inals!).  It  was  he  who  brought  order  out  ol  chaos  by  standaidizing  a  «oi  t 
wide  system  of  nomenclature.  Lin¬ 


naeus  lias  been  described  rigbt- 
fullv  as  the  greatest  cataloguer 
and  classifier  of  all  time. 

The  next  important  advance  in 
plant  classification,  or  taxonomy, 
came  in  the  middle  of  the  nine¬ 
teenth  century,  with  the  publication 
of  Charles  Darwin’s  Or/g/u  of 
Sf)ccies.  The  principles  of  evolu¬ 
tion  propounded  in  this  tome  had 
perhaps  nowhere  a  more  profound 
impact  than  on  the  fundamentals 
of  taxonomy.  Darwin’s  concept  of 
evolution  finally  provided  a  natural 
framework  upon  which  to  hang  a 
scheme  of  classification.  According 
to  this  concept  all  plants  on  earth 
today  are  more  or  less  closelv  re- 
lated  taxonomically  according  to 
their  proximitN’  on  the  family  tree 
of  plant  evolution.  Thus  the  clas¬ 
sification  is  based  upon  the  hypoth¬ 
esis  that  genetic  relationships  exist 
betw  een  all  plants  and  that  present- 
dav  plants  are  through  successive 
generations  tlie  offspring  of  an¬ 
cestral  plants.  Of  course,  the  pos¬ 
sibility  exists  that  the  plant  kingdom 


Fig.  2-14.  All  illustidtion  of  the  coicpcd 
( N’igna  sinensis  Eiull.)  token  from  o  fd- 
mous  Cdi'lij  hcrhdl  written  1)1/  the  F/u/- 
sieidii  Pedonins  Dioscorides  in  the  first 
centnri/  a.d.  It  remoined  the  stondord 
materia  medica  for  centuries.  Actualhf 
Dioscorides  appears  to  have  taken  his  il- 
hi.strations  from  an  even  earlier  Greek 
text  written  in  the  first  centnrij  h.c.  hi/ 
Krateuas,  phi/.dcian  to  Mithridates  En- 
pator. 

[(Courtesy  Austrian  National  Library,  Vienna.] 

owes  its  origin  to  more  than  one  pri¬ 


mordial  orcanism.  It  is  further  assumed  that  there  has  occurred  tbroiuibout 
the  history  of  the  earth,  and  is  still  occurring,  an  evolution  of  plant  charac¬ 
teristics  that  has  brought  about  an  increasingly  complex  structure  and  ge¬ 


netic  organization. 

To  the  taxonomist  or  s\stematist  falls  the  task  of  reconstructing  these 
evolutionary  connections — a  task  that  is  simple  in  theor\-,  but  wbieb  is  for¬ 
midable,  aud  in  large  part  impossible,  in  aetual  practiee.  Tlu‘  job  is  such  an 
immense  one  owing  to  the  countless  numbers  of  now  extinct  and  largely 
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unknown  plants.  Paradoxically,  however,  it  is  the  very  discontinuities  result¬ 
ing  From  these  extinctions  that  really  make  it  possible  for  the  taxonomist  to 
establish  and  delimit  his  various  categories.  Without  them  there  would  be 
an  e.ssentially  nnclassifiable  continuum  stretching  from  the  lowest  plant  to 
the  highest.  The  job  is  further  complicated  by  the  occasional  hybridizations 
which  reticulate  the  family  tree.  The  approach  the  systematist  takes  when 
he  attempts  to  determine  evolutionary  lines  and  group  relationships  can 
perhaps  best  be  described  as  scientific  sleuthing,  fie  bases  much  of  his  ca.se 
on  morphological  and  anatomical  comparisons  and  gleans  as  much  informa¬ 
tion  as  possible  from  distributional  or  geographic  evidence.  Of  fundamental 
importance,  however,  is  fossil,  or  paleobotanical  evidence;  each  new  fossil 
found  fills  another  small  gap  in  the  family  tree.  The  recently  developed 
methods  of  determining  the  age  of  rock  strata  and  the  plants  preser\ed  in 
them  also  have  been  of  inestimable  help. 

Particularly  among  the  more  closely  allied  groups  the  modern  taxonomist 
also  leans  heavily  on  cytological,  genetic,  ecological,  and  even  physiological 
and  biochemical  evidence.  For  example,  some  decades  ago  the  German 
botanist  Karl  Mez  demonstrated  the  feasibilit\'  of  determining  plant-group 
affinities  bv  the  similarities  of  their  protein  contents.  Borrowing  standard 
serological  technic  pies,  he  would  sensitize  a  rabbit  by  in  jecting  into  its  blood¬ 


stream  the  proteins  from  one  plant.  He  then  based  the  relationship  of  this 
plant  to  another  on  the  degree  to  w  hich  the  newdy  developed  antibodies  in 
the  rabbit’s  blood  reacted  to  the  proteins  of  the  second  plant.  4  he  less 
severe  the  reaction,  the  more  distantly  related  the  plants  were  assumed  to 
be.  More  recently  the  taxonomy  of  the  pines  has  been  \  erified,  and  to  some 
degree  clarified,  on  the  basis  of  their  oleoresin  chemistry.  Chromatography, 
a  powerful  chemical  technicpie,  has  become  an  indispensable  adjunct  to 
biochemical  taxonomy.  Imaginative  research  in  a  variety  of  related  fields 
and  a  subsecpient  correlation  of  the  information  constitute  the  difficult  task 
that  confronts  the  modern  taxonomist. 

One  important  attempt  at  a  natural  classification  (although  it  was  based 
primarily  on  floral  morphology)  was  made  toward  the  close  of  the  nine¬ 
teenth  century  bv  the  German  botanist  August  Eichler.  This  was  elaborated 
by  .Adolph  Engler,  who  with  his  collaborator  Karl  Prantl,  published  a 
twentv-N'olume  classification  of  all  plants  then  known  to  man.  .Although 
much  of  the  information  that  has  since  come  to  light  indicates  that  Engler  s 
arrangement  of  the  plants  is  plu’logenetically  incorrect  in  many  lespects,  it 
still  is  used  by  most  botanists  in  the  United  States  and  elsewhere  in  the 
world.  A  widespread  conversion  to  more  recent  systems  is  unlikely  at  this 
time,  since  none  of  them  is  sufficiently  better  to  warrant  such  a  major  eilort. 
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The  classification  of  tlic  plant  kingdom  that  follows,  however,  lias  been 
re\  ised  to  conform  to  the  latest  information  a\  ailal)le. 


THE  PLANT  KINGDOM 


The  plant  kingdom  is,  first  of  all,  separated  into  about  a  dozen  major 
phyla  or  divisions.  It  is  the  most  acKanced  (that  is,  most  recently  e\’olved) 
division  with  which  the  horticnltnrist  is  directly  concerned.  This  is  the  divi- 
sion  that  contains  the  so-called  higher  plants — those  with  roots,  stems, 
leaves,  and  a  v'ascular  or  trachearv  system  (the  source  of  the  name  Tracheo- 
phvta).  The  remaining  divisions  contain  almost  no  horticnltnral  crop  plants 
as  snch  (edible  mushrooms  are  an  exception)  and  are  therefore  primarily 
of  indirect  interest  to  ns.  They  are  responsible,  however,  for  many  of  our 
crop  diseases.  Included  among  these  lower  divisions  are  such  div'erse  plants 
as  the  algae,  fungi,  bacteria,  slime  molds,  and  mosses. 

synopsis  of  the  traditional  plant  categories,  or  taxa  is  given  below.  Each 
taxon  is  subdivided  by  the  one  below  it.  All  categories  need  not  be  used, 
but  the  sequence  must  not  be  altered.  Intermediate  subdivisions  are  fre- 
(juently  made  and  designated  by  the  prefix  “sub.”  The  categories  from  King¬ 
dom  to  Family  are  called  the  major  taxa;  and  those  below,  the  minor  ta.xa. 


Kingdom 

Division 

Class 

Order 

Family 

Genus  (plural  genera) 

Species  (abbreviated  sp.  or,  for  plural,  spp.) 
\'ariety  (Latin  varietas;  abbreviated  var. ) 
Form  (Latin  forma;  abbreviated  f. ) 
Individual  (Latin  ifidividnum) 


The  tracheophyte  division  is  divided  by  many  into  about  a  dozen  classes, 
including  the  horticulturally  important  Filicinae  (or  ferns),  Gvmnospermae 
(oi  cveads,  ginkgoes,  and  conifers),  and  Angiospermae  (the  many  flower¬ 
ing  plants).  Figure  2-15,  constructed  from  current  information,  represents  a 
possible  family  tree  of  the  living  vascular  plants. 

The  evolutionary  lines  or  phylogenetic  histories  within  the  Filicinae  and 
C,ymnospermae  have  bi^en  defined  comparatively  well,  primarily  because 
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SMbCl£J55  s 

pl^j  Monocotylcdonccic 
lipi 


Si4bc\as$ 

Dicotyledoncac 


■‘iliinJ!!! 

Pi 

iimhill’ 


C\c\s$ 

AngiOSpGrmi:iG 
(Flowering  plc»nt5) 


pppilistasessiiiiiliiliS 
Class  Pi;? 

feij:  (Ferns) 


Division 
Cmorop)i>^ta 
(^reen  Algae) 


Division  ' 
Tri^cheopli^fa 
(Vascular  plants) 


Unknown  m 
Primordial 


Fig.  2- 1 5.  An  abridged  family  tree  of  the  living  vascular  plants. 
I  he  solid  lines  indicate  direct  lines  of  descent.  The  higher  the 
relative  position  of  a  group  on  the  family  tree,  the  more  recent 
its  emergence  in  the  evolution  of  plants. 


a  relatively  complete  fossil  record  exists  for  these  classes.  The  phvlogenv 
of  the  Angiospermae,  on  the  other  hand,  is  unfortunately  still  much  more 
of  a  mystt'ry,  partiallv  owing  to  the  great  scarcitv  of  paleohotanical  informa¬ 
tion.  Since  the  seed  plants  (the  gvmnosperms  and  angiosperms)  all  mav 
have  evolved  from  a  common  ancestor,  the  manv  different  plants  with 
w  hich  the  horticnltnrist  deals  are  probably  the  result  of  descent  with  modi¬ 
fication. 


The  Fhiiil  Kiiu^dom 


43 


Ill 


Tlie  gymnospenns,  rc'prcsented  liy  It'ss  tlian  lOO  li\iiig  species,  aie  pii- 
arilv  e\’ergreen  trees  of  tlie  temperate  zones  of  tlie  woild.  Tliev  cliaiactci- 
isticallv  lia\'e  naked  seeds,  wliicli  are  usually  liorne  on  cones,  and  often  lia\'e 
narrow  or  needle-like  leaves.  The  gymnospenns  provide  us  with  lumber, 
pulp,  turpentine  and  rosin  (the  so-called  nasal  stores),  and  some  edible 
seeds,  and  are  often  highly  prized  as  ornamental  plants. 

The  angiosperms,  numbering  some  250,000  species,  are  worldwide  in 
their  distribution  and  are  found  in  almost  all  conceivable  liabitats.  Economi- 
callv,  thev  are  the  most  important  class  of  plants.  Tliey  are  man  s  primary 
source  of  food  and  beverage,  shelter  and  clothing,  paper  and  rubber,  oils 
and  spices.  The  angiosperms  characteristically  have  seeds  that  are  fully 
enclosed  in  a  fruit,  and  often  have  broad  leaves. 

.\lthough  most  classes  are  divided  directly  into  orders  (the  Cvcadales, 
Chnkgoales,  and  Coniferales  prexiously  mentioned  are  each  an  order  of 
gMimosperms ),  the  angiosperm  class  is  first  divided  into  two  major  sub¬ 
classes,  the  Dicot\'ledoneae  (  or  dicots  )  and  the  Monocotyledoneae  (  or  mon¬ 
ocots).  The  dicots  are  characterized  by  two  cotyledons  in  their  seedling 
stage,  usuallv  bv  flower  parts  in  fours  or  fives  or  multiples  of  these  numbers, 
and  often  bv  reticulate  leaf  venation;  the  monocots  are  characterized  b\' 
one  cotvledon,  by  flower  parts  in  threes  or  multiples  thereof,  and  often  bv 
parallel  leaf  venation.  The  dicots  number  al)Out  200,000,  and  are  represented 
by  most  of  our  broadleafed  herbs,  shrubs,  and  trees;  the  50,000  or  so  mono¬ 
cots  are  grouped  into  such  orders  as  the  Liliales  (or  lilies),  the  Palmales  (or 
palms)  and  the  Graminales  (or  grasses  and  sedges).  The  grasses  and  palms 
together  provide  the  main  source  of  food  and  shelter  for  most  peoples  on 
earth. 

The  order  is  split  in  turn  into  groups  known  as  fatuilies.  The  familv  is 
fre<|uently  encountered  in  ta.xonomic  studies  because  it  is  often  small  enough 
to  permit  study  of  the  natural  relationships  among  its  members.  The  horti¬ 
culturist  will  often  note  structural  and  cultural  similarities  among  the  genera 
within  a  family.  Well-known  families  among  the  monocots  are  the  Orchida- 
ceae  (or  orchids)  and  the  Graminae  (or  grasses);  among  the  dicots  are  the 
Leguminosae  (or  legumes),  the  Gucurbitaceae  (gourds,  melons),  the  Um- 

bellifeiae  (caiiot,  celery),  and  the  Rosaceae  (roses,  pome  fruits  and  stone 
fruits). 


The  Minor  Plant  Catenorics 


1'h(>  categories  mentioned  thus 
familie.s — arc  known  as  the  major 


tar — the  divisions,  clas.ses,  orders,  and 
taxa.  Ihey  are  ot  grc*at  e\'olutionary  or 
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pliylogeiK'tic  importance,  ])ut  it  is  witli  the  somewliat  less  arlntrarv,  minor 
categories — tliose  below  the  family — with  wliich  the  horticulturist  is  most 
concerned.  They  are,  in  decreasing  order  of  magnitude  (or  genetic  diver¬ 
sity),  the  genus,  species,  variety,  form,  and  individual.  Each  of  these  cate¬ 
gories  will  now  be  discussed  in  turn. 

The  genus  (the  subdivision  for  a  family)  is  a  group,  or  taxon,  in  which  the 
member  plants  have  much  in  common  morphologicallv.  ft  is  usuallv  a  small 
enough  group  such  that  all  of  its  members  can  be  brought  together,  and  their 
genetic,  cytological,  and  other  relationships  studied,  ft  is  for  this  reason  the 
most  intensively  studied  taxon.  The  generic  concept  is  an  old  one.  E\  en  the 
ancients  were  familiar  with  the  oaks  (  Qucrcus),  the  roses  (  Rosa),  the  tulips 
(Tulipa),  the  pines  (Pinus),  and  the  maples  (Acer).  Since  many  of  our 
genera  were  established  long  before  the  time  of  Darwin,  they  were  based 
primarily  on  readily  apparent  morphological  characteristics.  As  a  result  of 
their  dixerse  and  fretjuently  popular  (that  is,  nonscientific )  origins,  these 
genera  are  often  most  annovingh’  of  different  lexels  of  genetic  complexitv. 
Modern  taxonomists  strive  to  base  their  svstematic  studies,  not  merely  on 
the  traditional  morphological  criteria,  but  on  genetic  and  other  experimental 
evidence  as  well.  .As  a  matter  of  fact,  when  possible  their  main  criterion  for 
including  or  not  including  a  population  of  plants  within  a  particular  genus 
is  a  genetic  one  that  can  be  experimentally  verified.  The  members  of  such  a 
genus  are,  bv  their  definition,  at  least  somewhat  capable  of  crossing  among 
themseh  es,  but  are  absolutely  incapable  of  crossing  with  the  plants  of  any 
other  genus.  .A  genus  of  this  sort,  bounded  by  total  genetic  incompatibility, 
is  referred  to  as  a  compariuni.  The  white  and  red  oak  subgenera  of  Qucrcus 
(a  traditional  genus)  could  each  be  considered  a  comparium.  .A  synopsis  of 
the  modern  taxonomic  categories,  such  as  the  comparium,  is  presented 
below,  each  categorv  being  subdivided  by  the  one  underneath  it. 


Compariuni:  Integritv  maintained  entirely  hy  genetic  harriers  (Often  ecjuiva- 

lent  to  a  traditional  genus) 

Ccnospccics:  Integritv  maintained  by  genetic  harriers  reinforced  by  ecologi¬ 

cal  harriers  (Often  c(|ni\alent  to  a  traditional  genus  or  species) 

Eco.specics:  lntegrit\-  maintained  by  ecological  harriers  reinforced  by  ge¬ 

netic  harriers  (Often  equivalent  to  a  traditional  species) 

pA'otifpo:  Integrity  maintained  entiiely  by  ecological  harrieis  (Often 

e<jni\  alent  to  a  traditional  subspecies,  \'aric‘t_\ ,  oi  foim) 


4'h(‘  species  (the  subdixisiou  for  a  genus)  comprises 
that  oftc'ii  exhibit  mau\'  more  morphological  similaritic's 
hers  of  the  genus.  The  members  of  a  species  ha\e  been 


a  group  of  plants 
than  do  the  mem- 
referred  to  as  com- 
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ing  from  like  parents  and  throwing  like  progeny.  Tliey  often  constitute  an 
exclusive  interbreeding  population.  It  was  long  held  that  all  species  had 
been  created  originally  just  as  they  look  today. 

The  species  has  always  been  the  basic  unit  of  all  taxonomic  work.  It  is 
the  fundamental  category  upon  which  Linnaeus  based  his  system  of  nomen- 
elature.  lie  established  that  each  species  be  identified  by  two  names,  the 
generic  and  the  specific.  E\ampU*s  of  this  binomial  system  of  nomenclature 
are  (^)iicrciis  (iU)(i,  the  scientific  name  for  white  oak,  and  C-onuis  fiorida,  that 
of  flowering  dogwood.  It  should  be  CTiiphasized  that  a  specific  epithet  is 
invariably  preceded  by  a  generic  name.  Throughout  the  world  the  genus 
and  species  are  gi\'en  in  Latin  using  the  Roman  alphabet  ( the  genus  is 
capitalized;  the  species  should  not  be;  and  both  are  italicized).  The  name 
(or  abbrexiation  of  a  name)  often  found  to  follow  such  a  binomial  desig¬ 
nation  is  of  the  person  who  first  named  and  described  that  species,  for 
example,  Sj)in(icia  olcracca  Linnaeus  (spinach).  Many  details  of  the  inter¬ 
national  code  of  botanical  nomenclature,  nox\'  strictly  adhered  to  by  every 
nation,  were  worked  out  in  \denna  at  the  turn  of  the  century  by  botanists 
from  all  oxer  the  xvorld.  Further  international  congresses  have  been  held 
from  time  to  time  to  resolxe  minor  conflicts  and  to  rex’ise  the  code  xxhere 
necessarx’.  Here  is  an  example  of  xvorldxvide  cooperation  to  be  enx  ied  bx’ 
our  statesmen! 

The  modern  taxonomist,  basing  his  classification  of  the  minor  taxa  on 
genetics  and  ecology  to  a  far  greater  extent  than  did  his  traditional  counter¬ 
part,  has  sometimes  found  it  necessary  to  consider  both  a  ccnospccies  and 
its  subdivision,  the  ecospecies.  He  thus  dix  ides  the  genetically  isolated  com- 
parinm  into  one  or  more  cenospecics.  Each  ccnospccies  encompasses  a  group 
of  similar  plants  separated  from  other  cenospecics  almost  entirelx'  Iw  genetic 
barriers.  Cenospecics  do  not  cross  under  natural  conditions,  but  can  be 
made  to  cross.  The  offspring  of  such  a  cross  xxill  be  sterile,  and  often  are 
unable  to  surxive. 

The  ecospecies  (the  subdixusion  for  a  cenospecics)  maintains  its  integritx' 
through  a  combination  of  ecological  and  genetic  mechanisms.  The  genetic 
barriers  betxxeen  ecospecies  are  somexvhat  less  effectixe  than  those  found 
betxx  een  cenospecics,  but  are  reinforced  bx’  spatial  separation,  oxving  to  dif¬ 
fering  ecological  rcijuirements. 

Upon  investigation,  some  traditional  species  and  some  traditional  genera 
turn  out  to  be  the  parallel  of  a  cenospecics.  The  one  or  more  ecospecies 

making  up  a  ccnospccies  is  often  found  to  be  the  eiiuivalent  of  the  tradi¬ 
tional  species. 

A  vmichj  („r  amctim)  is  a  sulK'lassificatiiin  of  tlie  traditional  species. 
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(4  his  botanical  \  aricty  is  not  to  l)c  confused  with  the  horticnltnral  \’ai  i(‘t\', 
or  cnlti\ar,  whicli  will  be  disenssed  below.)  W  hen  one*  or  inor(‘  of  the  J)<)p- 
nlations  of  plants  making  up  a  species  is  snffieientlv'  different  in  appt'aranee 
from  the  remaining  members  of  the  species,  it  is  often  given  \arietal  status. 

\ariet\'  is  designated  by  a  trinomial,  for  example,  jioiijycnis  cononnnis 
\ar.  (lcj)rcssa  (or  prostrate  common  juniper).  As  soon  as  a  \  ariet\’  is  estab¬ 
lished,  the  remaining  t\pical  element  of  that  species  is  designated  b\'  a 
triiKMuial  formed  bv  repeating  the  specific  name,  Jnni})cnis  coinninnis  \ar. 
coininiinis  for  the  example  just  gi\'en.  A  population  de\’iating  not  (juite 
enough  to  be  called  a  \  ariet\'  is  sometimes  called  a  race  or  more  properly  a 
form  (or  forma).  Two  forms  of  the  attractive  ornamental  Taxns  cnspiclata 
(or  Japanese  vew)  are  Taxns  citsj)i(lata  f.  densa  (an  erect  form)  and  Taxns 
enspidata  f.  )iana  (a  spreading  form)  (Fig.  2-16).  On  the  other  hand,  a 
group  deviating  perhaps  somew'hat  more  from  the  species  norm  than  a 
varietv  mav  be  ranked  as  a  siibsj)ecics. 

Two  varieties  of  a  single  species,  through  isolation  and  snbse(|uent  di\  er- 
gent  ex  olntion,  mav  ev'entuallv  differ  enough  to  be  considered  as  two  spe¬ 
cies.  If,  however,  during  this  time  the  barrier  between  the  two  groups  breaks 
down,  thev  mav  again  converge.  The  taxonomist  is  often  hard  pressed  to 
decide  whether  to  combine  or  split  two  such  groups. 

The  modern  svstematist  w’ho  prefers  to  experimentally  revise  the  classifi¬ 
cation  of  plant  populations  with  particular  emphasis  on  genetic  and  eco- 

Fis;.  2-16.  Japanese  Yeic  (Taxns  enspidata  Sieh.  et  Zucc.;  lumiilij  Jaxaceae, 
Order  Coniferales,  Class  Cipnnospermae) .  The  dark  g/cc/i  foliage  and  small 
scarlet  fruits  make  this  hardy  evergreen  shrub  from  the  OrUmt  a  favorite 
ornamental.  (Peft)  An  erect  form  (T.  c.  f.  dt'iisa  Rehd.).  (Ri^ht)  spuad- 
ino  form  (T.  c.  f.  nana  Rehd.  ex  Wilson).  There  are  numerous  other  yews, 
some  attaining  tree  ))roj)ortions.  Yeic  wood  makes  fitie  archery  hows. 

[Photographs  by  J.  C;.  Allen  &  Son.] 


47 


The  Vlanl  Kingdom 


logiciil  considerations  finds  it  necessary,  as  we  liav^e  learned,  to  intioduce 
such  new  concepts  as  the  comparium,  cenospecies,  and  ecospecies  ( see  the 
table  on  p.  44).  The  ecospecies  is  further  divided  into  one  or  more  ecotijpes. 


The  ecotvpe  is  thus  his  substitute  for  the  traditional  subspecies,  variety,  or 
form.  It  is  fullv  capable  of  crossing  with  other  ecotypes  within  its  ecospecies 
but  is  separated  from  them  by  differing  habitat  preferences  and  therefore 
by  geographic  distributions.  Ecotypic  variation  can  often  be  expected  to 
occur  in  species  of  wide  latitudinal  extent.  Scotch  pine,  a  desirable  Christ¬ 
mas  tree,  provides  a  good  example.  If,  on  the  other  hand,  the  ecospecies 


exhibits  a  continuous  gradient  of  characters  from  one  end  of  its  range  to  the 


other,  this  is  referred  to  as  clinal  or  ecocUiiaJ  variation. 

Normallv  self-pollinating  plants  such  as  tomatoes  or  peas  maintain  inbred 
lines  that  become  stabilized  after  several  generations  and  thenceforth  breed 
true.  Such  populations  of  plants,  even  more  genetically  homogeneous  than 
ecotvpes,  are  referred  to  as  biotijjjes. 

A  special  situation  exists  in  Citrus,  Mangifera  (mango),  some  species  of 
Rubiis  (brambles),  Poa  (blue  grass),  and  several  other  plants.  These  plants 
outwardlv  seem  to  depend  upon  sexual  propagation.  In  reality,  although 
pollination  mav  occur  and  trigger  fruit  production,  fertilization  occurs  onlv 
occasionallv.  Most  new  plants  develop  from  diploid  ovular  tissue,  therebv 
Inpassing  the  usual  meiotic  division.  Genetically  similar  lines  are  thus  also 
maintained  in  these  plants,  and  are  referred  to  as  apomicts  (abbreviated 
ap.). 


The  horticulturist  is  continually  on  the  lookout  for  an  individual  horti¬ 
cultural  plant  (technically,  individuum)  which  bv  some  (juirk  of  genetic 
recombination  or  chance  mutation  is  especially  desirable.  To  perpetuate  this 
valuable  selection,  or  “sport,”  he  may  propagate  it  xegetativelv;  that  is,  he 
creates  a  clouc.  If  left  to  its  own  sexual  devices  the  selection  or  “sport”  might 
not  breed  true.  Thus  the  clone  is  a  group  of  plants  all  of  which  arose  from  a 
single  indi\  idual  ( the  ortet )  through  some  means  of  vegetative  or  asexual 
propagation. 

Each  member  of  a  clone  is  technically  known  as  a  rcnuct  and,  of  course, 
has  a  genetic  makeup  identical  with  the  ortet  or  clonal  progenitor.  The 
Redhaven  peach,  the  Delicious  apple,  the  Russet  Burbank  potato,  and  tbe 
Thompson  seedless  grape  are  all  examples  of  clones. 

It  should  perhaps  be  re-emphasized  that  of  the  traditional  taxa  in  general 
use  today  most  are  based  strictly  on  floral  morphologv;  some  on  profound 
ignoiance,  and  only  a  handful  ou  sountl  principU's  and  (*xperimental  (‘\i- 
dence.  Primus  (cherry,  plum  ),  Rubus  (raspberries  and  other  brambles ), 
(grape),  Rosa  (rose),  and  Crataegus  (hawthorn)  are,  for  example,  just  a 
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few  of  tlie  horticultiirally  important  genera  recpiiring  extensive  revision  on 
the  basis  of  modern  taxonomic  experimentation.  The  field  is  wide  open  for 
tliose  witli  imagination  and  broad  scientific  interests. 

The  Horticultural  Varieti/ 

Tile  horticulturist  is  often  particularly  interested  in  the  botanical  varietv, 
form,  biotype,  and  clone.  When  these  are  intentionally  maintained  he  refers 
to  them  all  as  ‘Varieties.”  In  fact,  such  varieties  can  in  a  sense  be  considered 
the  very  keystone  of  horticulture.  Horticultural  varieties  have  been  known 
since  the  beginning  of  history.  Some  present-day  clonal  varieties,  such  as 
the  Bartlett  pear  and  the  Yellow  Newtown  apple,  have  been  known  for 
centuries. 

The  use  of  the  term  variety  in  its  horticultural  siMise  considerablv  ante¬ 
dates  the  taxonomic  usage  prexiously  defined.  It  is  perhaps  best  to  a\'oid 
ambiguitv  bv  referring  to  the  x  arietv  in  its  taxonomic  sense  as  a  "botanical 
\  arietv,”  or  'Tarietas,”  and  in  its  horticultural  sense  as  a  "horticultural  va¬ 
rietv,”  or  “culticar”  ( abbrex  iated  cv.).  The  term  cultivar,  in  fact,  is  rapidly 
gaining  international  acceptance  by  both  horticulturists  and  foresters.  It  has 
been  suggested  that  the  names  of  cidtivars  be  set  off  by  single  ([notation 
marks. 

Some  of  our  horticultural  plants  are  known  only  in  cultivation.  They  have 
been  bred  and  selected  bv  man  for  so  many  centuries  that  their  wild  origins 
hav'e  become  obscure.  Such  plants  are  referred  to  as  cultigens.  Cabbage  and 
corn  are  two  examples. 


Tin:  IDENTIFICATION  OF  PFANTS 

When  one  is  confronted  with  a  plant  unknown  to  him  he  often  must 
turn  in  his  dilemma  to  an  appropriate  book  of  plant  descriptions.  Horti¬ 
culturists  living  in  the  continental  United  States  are  fortunate  in  haxing  at 
their  disposal  several  regional  manuals,  as  well  as  two  that  span  the  con¬ 
tinent.  These  latter  two  manuals  (see  Selected  References  at  the  end  of  this 
chapter)  describe  virtually  all  of  the  horticultural  species  capable  of  sur- 
vix  ing  under  our  conditions.  The  one  xvas  compiled  by  the  renoxvned  Amei- 
ican  horticulturist  Liberty  Hyde  Bailey,  the  other,  by  the  xvell-knoxvn  den¬ 
drologist  .\lfred  Behder. 

Should  the  unknoxvn  plant  in  (juestion  be  an  exotic  incapable  of  growing 
in  the  continental  United  States,  it  will  not  be  covered  by  either  Bailey  or 
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Hc'lider.  Oik*  can  then  often  learn  to  wliieh  manual  to  turn 
(lie  list  eompik'd  bv  Sidne\'  F.  Blake  and  Alice  ('.  Atwood 


1)V  consulting 
(see  Seleetc'd 


Ib'ferenees ). 

4  he  use  of  manuals  w  ill  pro\'e  sueet'ssfnl  lor  the  identification  ol  most 
plants  likely  to  be  encountered  by  the  horticulturist.  The  possibility  always 
exists,  however,  that  the  unknown  plant  may  ha\’e  been  considered  to  be 
too  rare  or  too  unimportant  horticulturally  for  inclusion,  or  evon  that  it  is 
a  jdant  luwv  to  science.  The  safest  recourse  under  such  circumstances  is  to 
send  the  plant  to  some  botanical  institute  for  identification  ( or  naming! )  by 
a  professional  taxonomist. 

The  actual  identification  of  the  unknow  n  plant  is  usually  accomplished  by 
the  use  of  the  anah/tical  keys  that  are  a  part  of  most  manuals.  A  key  con¬ 
tains  the  diagnostic  features  of  all  plants  listed  in  the  manual,  arranged  in 
such  a  manner  that  all  but  the  correct  plant  can  be  rejected.  The  dichoto¬ 
mous  kev,  the  most  commonly  used,  is  eonstructed  as  a  series  of  couplets, 
each  containing  a  pair  of  contrasting  statements.  One  examines  the  first 
couplet  and  chooses  the  statement  that  fits  the  unknown  plant;  this  leads  to 
the  next  correct  couplet  to  use,  that,  to  the  next,  and  so  on  until  the  plant  is 
“keyed  out.”  The  follow  ing  is  an  example  of  such  an  analytical  key. 


AX  ANALYTICAL  KKY  'I'O  THE  W'ALNUTS  (iug/r/n.s  ) 


LA.  Leaf  .scars  w'ith  a  hairy  upper  fringe; 

pith  not  light  brown  .  2 

Iff  Leaf  sears  with  a  glabrous  upper  edge; 

pith  light  brown  3 


2A  Pith  dark  brown;  fruits  solitary  or  in  clusters  of  2  to  5; 

Butternut  or  white  walnut  (/.  cincrea) 
2B  Pith  violet-hrow'ii;  fruits  in  chrsters  of  12  to  20; 

Japanese  walnut  (/.  sicholdiana) 
3A  Leaves  glabrous;  hark  smooth  and  siKery  gray; 

Persian  or  Engli.sh  walnut  (/.  regia) 
3H  Leaxes  pubescent;  haik  rough  and  dark  brown;  Black  walnut  (/.  nigra) 


A  key  is  oeeasionally  ambiguous  with  respect  to  .species,  because  an 
attempt  has  been  made  to  separate  the  species  by  their  xegetative  charac¬ 
ters,  when  actually  these  taxa  originally  were  established  on  the  basis  of 
their  sexual  structures.  If  desired,  final  verification  can  be  made  by  com¬ 
parison  with  a  known  example  of  that  species.  Such  examples  ean  be  found 
as  dried  and  pres.sed  specimens  (known  as  herbarium  speeimens)  in  many 
botanical  institutes,  kmally,  it  must  be  pointed  out  that,  in  order  to  get  full 
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iiifonnation  on  \’aric‘tit\s,  one  fr('(jnentlv  must  consult  monographs  dealing 
with  tlic  particMilar  plant  group  in  (jnestion. 


c:  ()  \  c  L  u  s  I  o  i\ 

It  has  been  shown  that  the  subject  of  plant  classification,  although  per¬ 
haps  the  most  elementary  branch  of  horticnltnre,  is  also  its  most  inclusive 
portion.  Whereas  nothing  can  be  discussed  in  a  scientific  way  without  some 
taxonomic  knowledge,  a  classification  serves  also  to  integrate  and  to  sum¬ 
marize  all  that  we  know  about  our  plants,  whether  morphological,  genetic, 
ecological,  or  physiological.  A  knowledge  of  classification  often  permits  the 
horticulturist  to  predict  the  cultural  re(juiremcnts  of  a  plant.  It  wall  also 
help  him  predict  its  graft  compatibilities  and  the  other  plants  w'ith  w'hich 
it  will  hybridize.  Finally,  it  wall  aid  him  in  his  search  for  and  development 
of  new'  plants  of  horticidtural  importance. 
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THE  PLANT  BODY 

Flowering  plants,  which  make  up  almost  the  entire  range  of  horticultural 
interest,  show  extreme  di\'ersity  in  size  and  structure.  Xe\ertheless,  there 
are  essential  similarities,  for  many  structures  (for  example,  the  air  borne 
root  of  the  orchid  and  the  swollen  root  of  the  sweet  potato),  although  super- 
ficiallv  verv  different,  can  be  shown  to  be  functionally  and  morphologically 
related.  The  flowering  plant  consists  of  two  basic  parts— the  root,  the  por¬ 
tion  that  is  normally  underground,  and  the  shoot,  the  portion  that  is  uor- 
mallv  above  ground.  The  shoot  is  made  up  of  stems  and  lea\es.  The  leax’es 
grow'  from  enlarged  portions  of  the  stem  called  nodes.  The  shoot  shows 
seveial  significant  modifications.  The  foiccr  may  be  thought  of  as  a  spe¬ 
cialized  stem  with  leaves  adapted  for  reproducti\  e  functions.  Buds  are  min¬ 
iature  leafv  or  flowering  stems.  Figure  3-1  illustrates  the  fundamental  plant 
parts. 

The  plant  body  is  made  up  ultimately  of  microscopic  components  calk'd 
cells,  which,  although  they  are  essentially  similar,  may  be  stiuctuially  and 
functionally  \erv  diflerent.  Masses  of  cells  in  \arious  combinations  and  ai- 
rangements  build  up  the  various  morphological  structures  of  the  plant. 


THE  CEL  I.  AND  ITS  COMPONENTS 

The  structural  unit  of  plants,  as  well  as  of  animals,  is  the  cell.  Although 
the  notion  that  the  cell  is  the  basic  unit  of  all  living  things  has  been  .some¬ 
what  challengt'd  bv  recent  studies  of  \iruses,  horticultural  plants  aie  iudeetl 
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The  Cell  and  Its  Components 

cellular.  3'Iic  complex  organism  is  an  integrated  collection  of  cells,  hut  it  is 
e(juallv  true  that  the  cell  is  merely  a  component  part  of  the  organism.  This 
contradiction  in  terms  is  a  result  of  the  fantastic  .synchronization  and  co¬ 
ordination  achieved  in  multicellular  organisms.  Cipologii,  the  study  of  cells, 
is  concerned  with  the  organization,  structure,  and  function  of  cell  life. 

Plant  cells  vary  greatly  in  shape  from  spheres,  polyhedrons,  amoeboids,  to 
long  thin  tubes.  They  are  usually  0. 025-0.25  mm  (0.001-0.01  in.)  long;  some 
fibers,  however,  are  as  much  as  two  feet  long,  as  in  hemp.  The  typical  or 
generalized  plant  cell,  although  nonexistent,  is  a  useful  concept  (Fig.  3-2). 
The  basic  components  iinolve  a  cytoplasm  that  contains  a  nucleus  and 

Fig.  3-1.  The  fundamental  plant  parts. 

[.Xclaptecl  from  Holman  and  Robbins,  .4  Textbook  of  General  Botany,  Wiley,  Xew  York,  1939- 
after  Sachs.] 
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CyXoplaim 


Vflcuolc 


Cell  w<j|l 

Nwckuj 


Middle  \aynei\a 


CMarop\aiV 


*  *?-»• 


3-2.  A  cell  from  the  petiole  of  a  su»ar  beet  leaf  and  its  component  parts. 

[AclaptocI  from  Esan,  PUmt  Anatomi/,  Wiley,  \c\v  York,  1953.] 


which  is  surrounded  by  a  plasma  mcnd)ranc  within  a  more  or  less  rigid 
cell  {Call.  The  lixing  organism  is  composed  of  living  and  nonliv  ing  eells. 

The  cytoplasm  (svnonvmous  with  the  term  protoplasm)  is  an  inordinatelv 
eomple.x  substanee,  physically  and  chemicallv.  It  is  composed  of 
water  (by  fresh  weight);  the  remaining  10-15^  consists  of  organic  and  in¬ 
organic  substances  that  are  either  dissolved  (salts  and  earbohvdrates )  or  in 
the  eolloidal  state  (prott'ins  and  lats).  The  cvtoplasm  eontains  a  numlx'r 
of  structural  bodi(‘s,  such  as  plastids,  mitochondria,  and  vacuoles,  as  vvc'II  as 
various  “nonliving"  entities.  It  is  the  seat  ol  the  phvsiological  activity  ol  the 
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The  Cell  and  Its  Components 

Cfll.  It  is  organized  in  that  l)i()l()gical  state*  we  refer  to  as  “living,”  altliongh 
tliis  state  appears  to  l)e  depende'iit  on  its  being  within  the  strnetnral  confine's 
ol  a  “cell”  and  in  contact  with  the  nnel(*ns. 

Surrounding  the  cytoplasm  is  the  plasma  nK'inbrane,  which  lies  against 
the  cell  wall.  The  plasma  membrane  is  composed  of  lipoproteins,  w'hich 
explains  its  elasticity  and  its  high  permeability  to  fatty  snbstances.  Although 
it  is  nltramicroscopic  in  thickness,  the  plasma  membrane  can  ]>e  defined  in 
plasmoK'zed  cells. 

The  nucleus,  usualK'  a  spheroidal  body,  is  enclosed  within  the  cytoplasm 
and  separated  only  by  a  nuclear  membrane.  Even  though  the  nucleus  is 
denser  than  the  c\’toplasm,  it  is  not  easily  distinguished  in  unstained  cells. 
Vet  the  close  affinity  of  the  nuclear  material  for  many  dyes  makes  it  the 
most  conspicuous  feature  of  the  cell  in  stained  material.  The  nucleus  is, 
in  effect,  the  control  center  of  the  cell,  since  it  contains  the  chromosomes. 
These  “colored”  (chromo)  “threads”  (soma)  contain  genetic  information, 
somewhat  analogous  to  the  punch  cards  in  a  large  electronic  computer.  This 
information,  or  code,  is  not  only  the  basis  of  the  physiological  functioning 
of  the  cell  but  is  a  major  part  of  the  hereditary  bridge  between  generations. 

The  cell  wall,  one  of  the  distinguishing  features  of  the  plant  cell,  is  usually 
thought  of  as  a  deposit,  or  secretion,  of  the  cxtoplasin.  It  is  laid  down  in 
distinct  layers,  and  its  thickness  varies  greatly  with  the  type  of  cell  ( Fig. 
3-3).  Three  regions  of  the  cell  wall  are  generally  distinguished: 

1.  The  middle  lamella,  a  pectinaceous  material  associated  with  the  inter¬ 
cellular  substance.  The  slimy  nature  of  rotted  fruit  is  due  to  the  dissolving 
of  the  middle  lamella  by  fungal  organisms. 

2.  The  primarij  cell  wall,  the  first  wall  formed  in  the  developing  cell,  is 
composed  largely  of  cellulose  and  pectic  compounds,  but  closely  related 


Fig.  3-3.  Diagrammatic  cross  section  of  a  tracheid,  showing  the  structure  of  the 
cell  wall.  1  he  sccoudanj  cell  wall  deposited  inside  the  primarij  wall  nunj  he 
composed  of  three  layers. 
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substances  and  nonccllulost'  compounds  may  also  bc'  present.  It  may  beeonu* 
lignified.  It  is  the  wall  oi  dix  iding  and  growing  cells;  in  many  cells  it  is  the 
only  wall. 

3.  The  secoudarij  cell  icall  is  laid  down  inside  the  primary  cell  wall  alter 
the  cell  has  ceased  to  enlarge.  It  appears  to  have  a  mechanical  function,  and 
is  similar  in  structure  to  the  primary  wall,  although  higher  in  cellulose. 

The  cell  wall  in  plants  is  not  continuous.  It  appears  to  be  pierced  by  cyto¬ 
plasmic  strands  ( jAasniode.smata )  that  provide  a  living  connection  between 
cells.  Furthermore,  thin  areas  known  as  ])its  occur  as  cavities  or  depressions 
in  the  cell  wall  (  Fig.  3-4). 

Plastids  are  specialized  bodies  contained  in  the  cytoplasm  that  are  pe¬ 
culiar  to  plant  cells.  They  are  classified  on  the  basis  of  pigment  into  leuco- 
plasts  (colorless)  or  chromoplasts  (colored).  Some  types  of  leucoplasts  are 
involved  in  the  storage  of  starch  ( amyloplasts ) .  Of  the  colored  plastids, 
those  containing  chlorophyll  {clilorophists)  are  the  most  significant. 

Mitochondria  appear  as  small,  dense  granules,  and  are  lipopiotein.  All  of 
the  known  functions  of  mitochondria  are  related  to  enzymatic  activity  con¬ 


nected  with  oxidative  metabolism. 

\'acuoles  are  membrane-lined  cavities  located  within  the  cytoplasm  and 
filled  with  a  watery  substance  known  as  the  cell  sap,  which  is  considered  to 
be  nonliving.  In  actively  dividing  cells  the  nnmerous  vacuoles  are  small, 
whereas  in  mature  cells  the  vacuoles  coalesce  into  one  large  vacuole  that 
occupies  the  center  of  the  cell,  pushing  the  cytoplasm  and  the  nucleus  next 

to  the  cell  wall. 


Fiy  3-4.  Pits  arc  thin  areas  in  the  cell  wall. 

[Adapted  fro.n  Eames  an.l  MacOaniels,  A,.  MucUou  to  Plan,  Anotomy,  McGraw-Hill,  New 
York,  1947.] 


Sccoudiir^  wrtll 


Torn? 


StTcrioncd  view 


Face  view 


Tissues  and  Tissue  Sijstenis 

A  iiunil)er  of  obviouslv  nonliving  materials  are  found  eontained  in  the 
eytoplasm;  among  these  are  ervstals,  starch  grains,  oil  droplets,  silica,  resins, 
glims,  alkaloids  and  many  organic  substances.  1  hese  compounds  may  be 
products  of  metabolism,  such  as  reserxe  products  or  w  aste  products  of  the 
cell. 


TISSUES  AND  TISSUE  SYSTEMS 

Although  the  plant  ultimately  originates  from  a  single  cell  (the  fertilized 
egg),  the  marvels  of  cell  division  and  differentiation  produce  an  organism 
composed  of  manv  different  kinds  of  cells — different  structurally  and  physio¬ 
logically.  It  is  this  difference  in  cell  morphology  and  cell  arrangement  that 
results  in  the  complex  Nariation  between  plants  and  w'ithin  an  individual 
plant. 

Plants  can  be  show  n  to  be  made  up  of  groups  of  similar  t^'pes  of  cells  in 
a  definite,  organized  pattern.  Continuous,  organized  masses  of  similar  cells 
are  known  as  tissues.  Tissues  have  been  classified  in  several  w^avs.  No  uni¬ 
versally  accepted  system  exists.  The  following  svstem  is  a  logical  one  that 
retains  the  customary  botanical  terms. 

Meristematic  tissue — activelv  dividing,  undifferentiated  cells 

Permanent  tissues — nondi\'iding  differentiated  cells 
Simple  tissues:  composed  of  one  tvpe  of  cell 
parenchyma:  simple  thin-walled  cells 
collenchyma :  thicker-walled  “pareneln  nia” 
selerenchyma:  thick-walled  supporting  cells 
Complex  tissue:  composed  of  more  than  one  type  of  cell 
xylem:  water-condneting  tissue 
phloem:  food-conducting  tissue 


Mcristem.s 

Meristematic  tis.sue  is  composed  of  cells  actively  or  potentiallv  iuNoked 
111  cell  division  and  growth.  The  meristem  not  onlv  perpetuates  the  forma¬ 
tion  of  new  tissue  but  perpetuates  itself.  Since  many  so-called  permanent 
tissues  may,  under  proper  stimulation,  assume  meristematic  actix  itv  no  strict 
fine  of  demarcation  exists  between  meristematic  and  permanent  tissue. 

Meristems  are  located  in  \  arions  portions  of  the  plant  (Fig.  .3-.5).  Tho.se 
at  the  tips  of  shoots  and  roots  are  known  as  apical  meristems.  The  shoot 
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Root  cap 


ROOT 


Fig.  3-5.  Dia^ranuuatic  loiig^itiuliual  section  of  a  [:,rass  plant,  inclicafin}^  the  lo¬ 
cation  of  the  incristcms.  These  shaded  areas  are  the  i/onn^est  parts  of  the 

plant. 

[Adapted  fro.n  Ean,es  and  MacDaniels,  An  Introduction  to  Plant  .Anatomy,  W.ley,  New  York. 
1947.1 


apical  n.eristem  is  kiKmn  liorticultiirally  as  tlie  gniwing  point.  The  inircasc 
i„  aiith  of  svooiK  stems  r.-snlts  fiiini  the  groath  of  lateral  merisfms,  spe- 
cificallv  referre<rto  as  the  camhinm.  The  meristematic  regions  ol  grasses 
l„.eo,ne  "isolate.r'  near  th,'  no.h's,  ami  are  calhsl  wlrra.lmy  merhirms. 
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Tissues  and  Tissue  Si/steuis 

'I'hns,  the  inoxving  of  lawns  does  not  interfere  witli  the  growing  portion  ol 
the  grass  plant.  Tissues  differentiated  from  apieal  meristems  are  referred 
to  as  priuiarif  tissues.  (Others,  espt'eially  tissues  formed  from  the  eamhimn, 
are  seeondanj  tissues. 

.Mthongh  there  are  many  exceptions,  meristematie  cells  are  usually  sir.all, 
may  1)(‘  roughly  spherical  to  brick-shapc'd,  and  hav('  thin  walls  with  incon¬ 
spicuous  xacuoles.  In  preparations  they  appcxir  darkly  stained,  owing  to  the 
small  amount  of  cytoplasm  in  relation  to  the  nucleus. 


Siiujde  Tissue 

Permanent  tissues  are  derieed  directly  from  meristems.  These  are  referred 
to  as  simple  tissues  when  they  are  composed  of  one  typ^  <>f  <-‘^“11  3-6). 

Parenclu/uid  is  unspecialized  yegetatix^e  tissue.  It  makes  up  a  large  por¬ 
tion  of  many  plants,  such  as  the  fleshy  portion  of  fruits,  roots,  and  tubers. 
It  is  thought  of  as  relatiyely  undiEerentiated  tissue. 

Collenelu/uia  tissue  is  characterized  by  elongated  cells  xxith  tbickened 
primarx’  xxalls  composed  of  cellulose  and  pectic  compounds.  (  It  may  be 
thought  of  as  thick-xyalled  parenchxma. )  This  tissue  functions  largely  as 
mechanical  support  in  earlx’  groxeth.  The  strands  of  the  outer  edge  of  celery 
petioles  are  collenchx'ma  (Fig.  3-7). 

ScIereucJu/nui  tissue  is  composed  of  especially  thick-xxalled  cells  that  are 
often  lignified.  When  these  cells  are  long  and  tapered  thex'  are  usuallx' 
referred  to  as  fibers.  Others  are  referred  to  as  sclereids.  Clusters  of  these 
sclereids,  or  “stone  cells,”  are  responsible  for  the  grittx'  (juality  in  pears.  In 
masses,  sclereids  produce  the  hard  (piality  of  xyalnut  shells  and  of  peach  and 
cherrx’  pits.  Unlike  parenchyma  and  collenchyma,  sclerenchyma  cells  are 
nonlix  ing  xxhen  mature. 


Complex  Tissue 

Complex  tissue  is  composed  of  combinations  of  simple  and  specialized 
tissue.  The  txxo  major  types  of  complex  tissue  are  xylem  and  phloem. 

X  vie  Ill 

Xylem,  the  principal  xx'ater-conducting  tissue,  is  an  enduring  tissue  that 
consists  of  Hying  and  nonlixing  cells.  W'ood  is  largely  xylem.  Herbaceous 
plants  also  contain  xylem,  although  the  amount  is  xery  much  less  than  that 
contained  in  “xxoody”  plants.  The  xxater-conducting  function  in  xylem  is 
accomplished  through  specialized  nonlixing  cells  called  tracheids.  The.sc 
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Inter- 
eel  I  ular 
spiiee 


PARENCHYMA 


Loni^irudintil  section 


COLLENCHVMA 


Fit;.  3-6.  Siuiplv  tissue. 

lA.lapt.d  fr..,n  Kanu-s  a..d  MacD.miHs.  .An  lutroducti.m  to  Plaut  .Snatoru,,. 
A'ork,  U)47.] 


McGraw-Hill.  N'  w 


Tissues  and  Tissue  Stjste)ns 
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vascular  bundles  collenchyma 


[Adapted  from  Esau,  Plant  Anatomy,  Wiley,  \ew  York,  19o3.] 


are  elongated,  tapered  cells  having  walls  that  are  hard  and  usually  lignified, 
although  not  especially  thick.  The  water,  in  the  form  of  cell  sap,  moves 
readily  through  the  empty  tracheid,  flowing  from  eell  to  cell  through  the 
numerous  pits.  The  cell  \\'alls 
of  tracheids  are  oiten  une\enlv 
thickened  or  sculptured,  which 

makes  these  cells  easv  to  dis- 

✓ 

tinguish  in  longitudinal  section. 

In  addition  to  tracheids,  a  speci¬ 
alized  series  of  cell  members  called 
\essels  also  functions  in  water 
conduction.  These  are  formed  from 
meristematic  cells  lined  up  end 
to  end  from  which  the  cell  contests 
and  end  walls  have  been  dissoK  ed. 

The  series  may  be  mam'  feet  long. 

XTlem  typically  includes  fibers 
and  parenchyma  cells  Fig.  3-8). 

Xylem  is  formed  hy  differentia¬ 
tion  of  the  apical  meristems  of  root 
and  shoot.  In  perennial  woodv 
plants,  secondary  xylem  is  also  Fiber? 

formed  from  the  camhium.  The  dif-  Fig.  3-(S. 

lerential  seasonal  growth  of  wlem 
produces  the  familiar  annual  lines. 


Trcichcld?  Vessel  members 
hihers,  tracJwids,  and  vessels 


of  the  xijletu. 

[Adapted  from  Esau,  Plant  Anatomy,  WiU'v  New 
York,  1953.]  ‘ 
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sieve  plate 


Fig.  3-9.  The  sieve  element  of  the 
phloem. 

(Adapted  from  Esaii,  Plant  Anatomy,  Wiley,  Xew 
York.  19.53.] 


31  le  spring  wood  consists  of  larger 
cells  with  thinner  walls  and  ap¬ 
pears  lighter,  or  less  dense,  than 
the  Slimmer  wood 

Flilocin 

The  basic  components  of  the 
phloem  are  series  of  specialized 
cells  called  sieve  elements.  It  is 
tliroiigh  these  elongated  living  cells 
with  thin  cellulose  w'alls  that  the 
food-conducting  function  of  the 
phloem  is  carried  out.  Upon  matu¬ 
rity  the  nucleus  of  the  sieve  dis¬ 
appears.  However,  specialized  cells 
called  companion  cells  are  in  in¬ 
timate  association  with  the  siexe 
cells  (Fig.  33-9).  In  addition  to 
these,  fibers  and  sclereids  mav  be 
present.  The  fibers  of  hemp  and  Ha.\ 
are  derived  from  the  phloem  tissue. 

The  phloem  is  formed,  as  is  the 
xylem,  both  by  the  apical  meristem 
and  by  the  cambium.  The  phloem, 
however,  is  not  enduring,  and  the 
old  phloem  disintegrates  in  w’ood\' 
stems.  It  is  protected  by  special 
meristematic  tissues  (cork  cam¬ 
bium)  that  produce  parenchyma¬ 
tous  tissue.  The  phloem,  the  corky 
tissue,  and  the  other  incidental  tis¬ 
sues  constitute  hark. 


A  N  A  T  ()  M  I  C  A  L  R  i:  G  I  ()  X  S 

3’he  tissues  that  form  the  \arious  regions  ol  the  plant  can  be  classifieil  in 
terms  of  structure  and  function.  In  much  the  sanu*  way,  tlu*  bricks,  boards, 
pip(‘,  and  wire  ust'd  in  tlu*  construction  of  a  house  (figmativel\  speaking,  its 
cells  and  tissues)  can  be  classified  on  the  basis  of  structure  and  function  as 
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Vcisculiif'  system 
Epidermic 


Cortex 

—  Pith 

—  (collcnch\^mo^ 


Fig.  3-10.  Anatomical  reg,ions  of  the 

mint  stem.  "^0^ 

masonry,  frame,  plumbing  system,  and  w'iring  system.  Since  tliese  are  inter¬ 
related,  it  is  sometimes  hard  to  decide  where  one  “region”  ends  and  the 
other  begins.  (Is  an  electric  hot  water  heater  part  of  the  electrical  or  the 
plumbing  system?) 

Horticultural  plants  are  grossly  diyided  into  the  yascular  system  (plumb¬ 
ing),  the  cortex  (frame  and  insulation),  and  the  epidermis  (siding,  floor, 
and  roof)  (Fig.  3-10).  The  pith,  pericv’cle,  endodermis,  and  secretory 
glands,  how'cyer,  are  components  of  one  or  more  of  these  regions. 

The  VascuUir  Si/.steDi 

The  yascular  system  consists  principally  of  the  xylem  and  phloem  tissues. 
The  yascular  system  seryes  as  the  conduction  system  of  the  plant,  but  be¬ 
cause  it  also  serves  in  support  it  may  be  compared  to  both  the  circulatoiw 
and  skeletal  systems  of  animals.  There  are  differences  between  the  structural 
relationship  of  xylem  and  of  phloem.  T\pically,  the  vascular  system  forms 
a  continuous  ring  in  the  stem,  in  w  hich  the  inner  portion  is  xylem,  and  sur¬ 
rounds  an  area  of  parenchymatous  tissue  known  as  the  pith.  The  vascular 
system,  hovyev’cr,  may  be  discontinuous,  and  may  appear  as  a  series  of 
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DisconriMuous  vascular  sysxcm 
of  a  monocorylcdoMOKs  sxem. 
Note  lack  of  distinct  pith. 


Phloem 


Continuous  vascular  st^stem 
of  a  dicotyledonous  stem. 
Vascufar  system  surrounds  pith 


The  primary  vascular 
svfstcm  of  potato 


Fig.  :3-lI.  Discontinuous  and  confinnons  arraie^cnwnts  of  the  vascnlar  sijstrtn. 
The  j)rinian/  vascnlar  sijstcni  of  the  potato  stem  initialhj  appears  as  scpauiU 
handles  hnt  hecomes  etnhedded  in  secondarij  tissue  as  the  stem  tnatnies.  I  In 
vascnlar  system  of  the  mature  stem  is  eontinnons. 

[Adapt.d  from  Kamos  and  MacIXmiols.  .An  Inlroduction  to  Plant  Anatomy,  .\lcGraw-l fill,  .Nou 
York,  1947.1 
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strands  in  longitudinal  section,  and  as  ])iindles  in  cross  section  (t'ig-  3-11). 
Tiiis  is  the  usual  case  in  monocotyledonous  plants.  The  vascular  system 


makes  up  the  core  of  roots,  and  the  pith  is  absent. 

In  roots  the  vascular  system  is  separated  from  the  cortex  lyv  specialized 
tissues  called  the  j)crici/clc  and  the  endodermis.  The  pericycle  encircles  the 
vascular  system.  It  is  composed  of  parenchv'inatous  tissue  and  is  the  source 
of  the  branch  roots  and  stems  that  arise  from  the  root.  The  endodermis  is 
commonly  a  single  sheet  of  cells  separating  the  vascidar  system  from  the 
cortex,  and  it  is  not  absolutely  clear  \\'hether  it  is  part  of  the  \'ascular  sys¬ 
tem  or  of  the  cortex.  It  appears  to  have  a  protective  function.  The  pericycle 
and  endodermis  are  usually  absent  in  the  stem. 


Cortex 

The  cortex  is  the  region  between  the  vascular  system  and  tlie  epidermis. 
It  is  made  up  of  primary  tissues,  predominantly  parencliNina.  In  older 
woody  stems,  the  formation  of  cork  in  the  cortex,  with  the  subsequent  dis¬ 
integration  of  the  outer  areas,  tends  to  obliterate  the  cortex  as  a  distinct 
area.  Cork  is  formed  when  mature  tissue  becomes  meristematic  and  forms 
cells  having  suberized  walls.  This  corky  protective  sheath  is  known  as 
the  j)eridcnn.  Callus  tissue  that  is  formed  in  response  to  wounding  mav  also 
btcome  corky.  The  cork  industrv  is  based  on  the  large  amounts  of  this 
tissue  produced  by  wounding  of  the  cork  oak  {Qucrcus  saber). 

Differentiated  portions  of  the  cortex  that  form  ruptured,  rough  areas  are 
referred  to  as  Icnticels.  These  are  conspicuous  in  woodv  stems  and  in  bark. 
The  dots  on  apple  skin  are  lenticels.  This  loose  arrangement  of  cells  tends 
to  tear  the  epidermis,  thus  fruit  lenticels  become  subject  to  the  entrance  of 
decay  organisms  and  act  as  a  point  of  water  loss. 


Epidermis 

The  epidermis  is  a  continuous  cell  layer  that  envelops  the  plant.  Except 
in  older  stems  and  roots,  where  the  epidermis  may  be  obliterated,  it  sheaths 
the  entire  plant.  The  structure  of  the  epidermis  varies,  and  ma\’  be  composed 
of  different  primary  tissue.  Slightly  above  the  root  tips,  the  epidermal  cells 
form  tube-like  extensions  called  root  hairs,  which  function  in  the  absorption 
of  water  and  inorganie  nutrients.  Hairs  are  also  found  in  epidermal  cells 
of  the  shoot  and  may  be  of  complex  multicellular  structure.  The  xelvetv 
b'cl  of  rose  petals  is  due  to  the  um^ven  surface  of  their  upper  epidermal 
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The  Structure  of  Ilorticiiltnral  Plants  [(>Ii  ap.  3] 
Thin  portion  of  guard  cell  wall 


Thickened  portion  of  guard  cell  wall 


Fig.  3-12.  The  stomata  is  an  epidermal  structure  composed  of  two  guard  cells 
that  form  a  pore.  The  guard  cell  wall  ahutti)ig  the  pore  is  thicker  than  the 
other  surfaces.  This  causes  the  pore  to  open  when  the  guard  cells  become 
turgid. 

[Adapted  from  Bonner  and  Galston,  PriuciiiU’s  of  Plant  Physiology,  Freeman,  San  Francisco, 
1952.] 


cells.  The  guard  cells  forming  stomata  are  modified  epidermal  cells  ( Fig. 
3-12). 

significant  feature  of  epidermal  cell  structure  is  the  cuticle,  a  waxy 
layer  that  appears  on  the  exposed  surface  of  the  cell.  The  waxy  material, 
ciitin,  acts  as  a  protective  covering  that  prevents  the  desiccation  of  inner 
tissues  (F'ig.  3-13).  It  is  particularly  noticeahle  in  many  fruits,  for  example, 
the  apple,  nectarine,  and  cherrv,  where  its  aecumulation  results  in  a  hlush 
that  polishes  to  a  high  gloss.  The  cuticle  is  re.sponsihle  for  the  difficulty 
found  in  wetting  leaves  and  fruit,  an  important  ohjective  in  disease  control. 


M  ()  K  P  H  ()  L  O  G  I  C  L  S  T  R  U  C  T  L  R  E  S 

The  Root 

The  root,  although  visibly  inconspicuous,  is  a  major  component  of  the 
jilant  both  in  terms  of  function  and  alrsolutf*  hulk.  It  max  consist  of  o\ei 
half  of  th(‘  drv  \\(>ight  of  the  entire  plant  body.  1'he  root  is  structurally 
adajfted  for  its  major  function  ol  absorption  of  wat(’r  and  nutrients.  Owing 
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Fig.  3-13.  The  epidermis  and  cutiele  of  the  Stayman  Winesay 
apple  fruit.  The  skin  of  an  apple  is  several  eells  thiek  and  eon- 
sists  of  epidermis  and  hyjiodermis.  The  latter  is  eomposed  of 
compressed  layers  of  cortical  cells.  The  cause  of  the  separation 
of  the  ejiidermis  and  Ityjiodermis  shown  in  the  photograph  is 
unknown.  It  prodtwes  a  white  patch  on  the  fruit,  .sometimes  re¬ 
ferred  to  as  “scarf skin.” 

[Photograph  coiirtosy  D.  F.  Da>loti.] 

to  its  complex  brandling,  which  occurs  irregularly  rather  than  by  nodes  as 
in  steins,  and  its  tip  area  of  root  hairs,  the  root  presents  a  very  large  surface 
in  intimate  contact  with  the  soil.  The  process  of  absorption  in  most  plants 
is  carried  out  mainly  in  the  root  hairs,  which  are  constantly  renewed  by 
new  growth.  The  growth  of  the  plant  is  largely  limited  by  the  extent  of  its 
underground  expansion.  This  yast  network  of  roots  anchors  the  plant  and 
supports  the  superstructure  of  food-producing  leaxes.  The  older  roots  also 
ser\'e  as  a  storage  organ  for  elaborated  foodstuffs,  as  in  the  sweet  potato 
and  carrot. 

The  original  seedling  root,  or  primary  root,  generates  the  root  system  of 
the  plant  by  forming  yarious  branching  patterns.  W'hen  the  primary  root 
becomes  the  main  root  of  the  plant  the  network  is  referred  to  as  a  taproot 
system,  as  in  the  walnut,  carrot,  beet,  and  turnip.  In  many  plants,  howexer, 
the  primary  root  ceases  growth  when  the  plant  is  still  young,  and  the  root 
system  is  taken  oyer  by  new  roots  that  grow  adxentitiously  out  of  the  stem, 
foiming  a  fihious  loot  system,  as  is  typical  of  grasses.  In  addition  manx’ 
taprooted  plants  (for  example,  apple)  form  an  upper  netxxork  of  fibrous- 
like  feeder  roots.  This  permits  deep  anchorage  and  a  more  reliable  xxater 
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The  Stnichirc  of  I lorliciiltuial  Thints  [Cliap.  3] 


THE  ROOT 

Cortex  slowgViivig  off 
Cork 

Cork  CarvtbiwrM 
Secondi^ry  pViloewi 
Secovidixry  xylerM 
Hrst  ya«r 
Second  ye^r 


Young  flesViy  root- 
of  sweet  potato 


Primary  pkloewi 
Priwiary  Xylewi 


. Second^^ry  pkloewi 

- Secondary  xylewi 

- Endodermis 

.  Cortex 

. Cork  combi nm 


Root  cop 


Provoscwlar 

tissue 

Cortex 

Endodermis 


--Xv'em - 

"Cowbi  um  "■ 
''■PViloew  — 
•■■Endodermis  •• 
' Epidermis 
■■  Branch  root_ 
-•  Cortex 
--Pericycle' 


Fik-  3-14.  Diagram  mat  if  .sections  through  a  root. 

[Ail.iptcd  from  \Vc.ith<  i\v;i\.  I’lanl  Hiolomi.  S.miidcrs,  l>l)il.id<  lplii;i.  If)  47 
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supply  wl.ilc  prox  iding  a))s.)rptivc>  capacity  at  the  more  fertile  upper  layers 
of  soil.  A  fibrous-like  root  system  may  be  formed  artificially  by  destroying 
the  taproot.  This  is  accomplished  by  transplanting  or  undercutting  and  is  a 
standard  horticnltnral  practice  with  shrubs  and  trees.  Nurserymen  ])uild 
up  a  fibrous  root  system  concentrated  in  a  “ball”  below  the  plant.  This 
permits  exen  relatixely  large  plants  to  be  successfully  transplanted. 

In  general,  plants  haxing  a  fibrous  root  sxstem  are  shalloxx-rooted  in 
comparison  xxith  taprooted  plants.  Shalloxx-rooted  plants  xxill,  of  couist,  bt 
more  subject  to  drought  and  xxill  shoxy  (juicker  response  to  yariations  in 
fertility  treatments. 

The  morphological  structure  of  the  root  is  shoxxn  in  Fig.  3-14.  The  ar¬ 
rangement  of  its  x'ascular  system  is  different  from  that  of  the  stem.  Note  the 
lack  of  pith  and  the  predominant  pericycle  and  endodermis.  A  cambium 
serxes  to  increase  the  girth  of  perennial  roots,  as  in  the  stem. 

The  major  root  modifications  of  horticultural  interest  are  those  affecting 
the  storage  function.  Roots  of  certain  species  become  sxxollen  and  fleshy 


Sweer  porcito 


Fig.  3-1.5.  Root  wad ificat ions.  The  steoUen  roofs  of  the  radish  and  carrot  include 

the  hiij)ocotyl,  a  transition  zone  hcticccn  the  rudintenfart/  si  cdling  root  and 
shoot. 


Rcidish  Carrot 
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(  Kig.  3-15).  3'hc'  stored  food  is  in  tlie  form  of  starches  and  sugars.  Some 
of  these  storage  roots,  siieli  as  tlie  carrot,  sweet  potato,  and  turnip,  are 
edible.  The  stored  food,  coupled  with  the  ability  ot  some  of  these  roots, 
for  example,  the  sw'eet  potato  and  the  Dahlia,  to  form  adventitious  shoot 
buds,  renders  them  important  in  propagation. 


The  Shoot 

The  shoot  has  been  described  as  a  “central  axis  with  appendages.”  The 
“central  axis,”  that  is,  the  stem,  connects  and  supports  tlie  food-producing 
leaves  w'ith  the  nutrient-gathering  roots.  The  stem  is  also  a  storage  organ, 
and  in  manv  plants  its  structure  is  greatly  modified  for  this  function.  Young 
green  stems  also  have  a  small  role  in  food  production.  Plants  assume  ex- 
tremelv  varied  forms,  ranging  from  a  single  upright  shoot,  as  in  the  date 
palm,  to  the  prostrate  branched  “creepers.”  It  is  the  structure  and  growth 
pattern  of  the  stem  that  determine  the  form  of  the  plant.  Basic  structural 
and  anatomical  features  of  herbaceous  and  woody  stems  are  shown  in  Pig. 
.3-16. 

The  upright  growth  of  plants  having  one  active  growing  point  and  a 
rigid  stem  is  considered  the  normal,  and  our  desciiptiv'e  teims  aie  used 
to  differentiate  other  grow’th  patterns.  Typical  shrubby  or  bushy  growth 
is  brought  about  by  the  absence  of  a  main  trunk  or  central  leader.  Growth 
is  characterized  by  a  number  of  erect  or  semierect  stems,  none  of  which 
dominates.  The  distinguishing  feature  is  form  rather  than  size.  Similarly, 
slender  and  flexible  stems  that  cannot  support  themselves  in  an  erect  position 
are  known  as  vines.  Vines  wall  trail  unless  mechanical  support  is  used  to 
make  them  grow'  upright.  They  may  be  either  herbaceous  (morning  glor\’, 
pea )  or  woody  ( grape ) . 


Buds 

The  stem  is  divided  into  mature  and  actively  growing  regions  in  which 
growth  and  differentiation  take  place.  The  “embrN'onic  stem”  is  referred  to 
as  a  bud.  All  buds  do  not  grow  actixely;  many  assume  an  arrested  dcwelop- 
ment  or  dormanev  but  are  nevertheless  potential  sources  of  further  grow  th. 
Although  buds  mav  be  so  embedded  in  the  stem  tissues  as  to  be  relatixely 
incomspicuous,  they  may  become  cpiite  structured.  The  form,  structure  and 
arrangement  of  buds  prove  to  be  a  useful  guide  in  describing  woody  plants 
even  when  the  leaves  are  absent,  as  in  winter.  T>pical  buds  are  shown  m 
Pig  .3-17.  Growth  mav  originate  from  a  single  terminal  bud  or  from  lateral 
bnds  which  occur  in' the  leaf  axis.  In  addition,  buds  may  be  formed  m 
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THE  STEM 
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I  iK.  3-10.  Diaoran, mafic  scclioms  through  a  stem. 

[Adapt.*!  ||„lnian  and  A  T,  xlh 


>>(>k  of  C.cucrot  Hot, mil.  Wil.  y,  w  York.  I'JAV).] 
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Apricot 


Opposite  Altcrnotc 
Bud  i^rronpement 


Almond 


Pen  eh 


Fig.  3-17.  Dormant  fruit  and  leaf  buds  of  apricot,  almond,  and  peach.  I  he  ai 
rangement  in  each  i.s  alternate. 

[Adapted  from  Zielinski,  Modem  Sij.stcouitic  Pomologij,  Brown,  OiibiKiue,  19oo.] 


inteniodal  regions  of  tlie  steins,  leaves,  or  roots,  often  as  a  result  of  injury. 
These  are  called  adventitious  buds. 

lluds  inav  produce  leaces,  flowers,  or  liotir,  a.id  are  referred  to  as  leaf. 
Hower  or  mixcil  liuds,  respectisely.  Wlreii  more  tlian  one  Imd  is  preseui 
at  a  leaf  axis  all  but  the  central  or  basal  bud  are  called  accessory  buds.  Tlie 
arrani-emeut  or  topology  of  buds  on  a  stem  is  based  on  tbe  leal  arrangement^ 
If  two  or  more  leaves  are  opposed  to  eaeb  otber  at  tbe  same  level,  tbe  leaf 
(and  bud)  arrangement  is  said  to  be  opposite  or  wlioilcd.  When  ta\  an 
at  tliflerent  levels"  tbev  are  arranged  in  a  spiral  an<l  are  said  to  be  alleniate 
(Fig  3-17)  The  spiral  pattern  of  leaf  arrangement  (pliyllolaxy)  rs  vanetl 
ami  is  expressed  as  a  fraction  (  .1,  1,  J,  0.  "I'ere  tbe  numerator  is  tbe  num¬ 
ber  of  turns  to  get  to  a  leaf  directly  above  anotber  and  tbe  denommatoi  is 
tbe  number  of  buds  passed.  I’Inllotaxy  bas  taxonomic  significance,  since 
it  is  often  tbe  same  tbrongbont  a  genus  and  often  even  applies  to  a  w  lo  e 

family. 


.Stem  Modifications 

Tbe  stem  mav  be  greatly  modified  from  a  basically  cylindrical  strncture 
I  Fig.  .3-13).  Some  of  tbese  alterations  may  appear  c|nite  bizarre;  vet  upon 


73 


Morphological  Si nic( tires 


ABOVE  GROUND  MOPinCATIONS 


Corm 

If  \ar(jcty  ccmprcfscd  stem 
with  reduced  scaly  leaves. 


A  bulb  ts  made  up  of 
sl^ort  stem  ay^d  fleshy 
leaves. 


A  runner  is  an  elongated 
horizoriTal  stem  C^rolon) 
that  lies  alony  the  ground. 


Comprcjs’ed  stem  of 
woody  stem  adopted 
for  fruit  production 
is  called  a  spur. 


BELOW  GROUND  MODIFICATION 

/ 

Underground  stems 
are  colled  rli ironies. 

They  root  ot  nodes. 


Slender  clontgoted 
rhizome 


A  tuber  i«  on  enlarged  portion 
of  an  underground  stem. 

Note  jpirol  arrangement  of 
'eyes'  of  pototo  tuber 
as  in  stem. 


Fleshy  rhizome 


1  Short  stem  of 

^ 

_ 1 

_ _ _  /] 

jj;-  a  monocot 

Terminol  bud 


A  crown  IS  a 
compressed  stem. 


Fig.  3-18.  Stew  modifications.  Xote  that  all  have  nodes  and  Icaf-likc  structures. 
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close  analysis  these  modifications  can  he  shown  to  he  basically  stem-like  in 
strnetnre;  that  is,  thev  ha\e  nodes,  lea\'es,  or  similar  scale-like  strnetmes, 
and  they  fnnetion  in  transport  or  storage.  Stem  modification  can  he  divided 
into  ahove-ground  forms  (crowns,  stolons,  spurs)  and  helow'-groimd  forms 
(hulhs,  conns,  rhizomes,  tuhers).  Since  many  stem  modifications  contain 
large  amounts  of  stored  food,  they  are  especially  significant  in  piopagation, 
and,  in  white  potatoes,  are  important  as  a  source  of  food. 


STEM  MODiFic.\TioNS.  The  crowu**  of  a  plant  refers 
to  that  portion  just  above  and  just  below'  ground  level.  This  por- 
plant  mav  he  greatly  enlarged  as  in  Bald  cypress  {Taxodium 

distieJium).  Crow'ns  may  he  thought 
of  as  “compressed”  stems.  The 


A  BOVE-GROUND 

generally 
tion  of  the 


Fi"'  3-hk  The  crown  of  a  straivhcrnj  is 
a  compressed  stem.  1  his  cati  he  cleaihj 
.seen  by  elongating  the  stem  with  gih- 
herellic  acid  (lower  photograph).  Sote 
that  the  runners  are  formed  from  the  leaf 

axils. 

[Goiirtfsy  J.  Hull.  Jr  ] 

*  'riu-  forester’s  term  crow  n  r(‘lers  to  the 


Structure  of  the  strawberry  crown 
can  he  clearlv  seen  by  artificially 
elongating  it  through  treatment 
w  ith  gihherellic  acid,  as  shown  in 
Fi2.  3-19.  Leaves  and  flowers  arise 
from  the  crown  by  buds,  as  they 
do  in  stems.  In  addition,  fleshy 
buds  from  crowns  may  produce  a 
whole  new'  plant,  referred  to  as 
crown  divisions.  The  crown  may 
be  modified  into  a  food  storage 
organ,  as  it  is  in  asparagus. 

Sliort,  manv-noded,  horizontal 
branches  growing  out  of  the  crow'u, 
bearing  fleshv  buds  or  leafy 
rosettes,  are  referred  to  variously 
as  offsets,  slips,  suckers,  pips,  and 
so  on.  These  stem  modifications, 
which  can  be  collectively  termed 
offshoots,  are  important  in  that 
thev  prov  ide  both  natural  and  aiti- 
ficial  means  of  propagation. 

Stolons  refer  to  stems  that  grow 
horizontally  along  the  ground.  .\ 
runner  is  a  stolon  with  long  intei- 

hranclu'cl  top  of  a  tree. 
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nodes  originating  at  the  ])ase  or  cionn  ii  of  the  plant.  At  some  of  the  nodes, 
roots  and  shoots  dev'elop.  A  well-known  example  of  runners  is  found  in  the 
eulti\  ated  strawberr\'. 

Spurs  are  stems  of  woody  plants  whose  growth  is  restricted.  They  are 
characterized  by  greatly  shortened  internodes,  and  appear  laterally  on 
branches.  In  mature  fruit  trees,  such  as  apple,  pear,  and  (juince,  flowering 
is  largely  confined  to  spurs.  Spurs  are  not  irreyocably  static,  and  may  reyert 
to  normal  stem  growth  eyen  after  many  years  of  fruiting. 


BLLOW'-GHOUNU  STEM  MODIFICATIONS.  Bulhs  appear  as  compressed 
modifications  of  the  shoot,  and  consist  of  a  short,  flattened,  or  disk-shaped, 
stem  suiionnded  by  fleshy,  leaf-like  structures  called  scales.  They  may  en¬ 
close  shoot  or  flower  buds.  Bulbs  and  conns  are  found  only  in  some  mono- 
cotyledonous  plants.  The  scales,  filled  wath  stored  food,  may  be  continuous, 
and  foim  a  series  of  concentric  layers  surrounding  a  growing  point,  as 
in  the  onion  or  tulip  {tunicate  bulbs)  or  may  form  a  more  or  less  random 
attachment  to  a  small  portion  of  stem,  as  in  the  Easter  lily  (scab/  bulbs). 
Bulbs  commonly  grow  under  the  ground  or  at  ground  leyel,  although  bulb- 
hke  structures  (bulbils)  may  be  formed  on  aerial  stems,  as  they  do  in  some 
hly  species,  or  eyen  in  association  with  flower  parts,  as  in  the  onion. 

Conns  are  short,  fleshy,  underground  stems  having  few'  nodes.  The  conn 

IS  stem;  the  few  rudimentary  leayes  are  nonfleshy.  The  gladiolus  and  crocus 
are  inopagated  Ijy  conns. 

are  liorizontal,  undergroi.ncl  stems.  They  may  be  co.iipressecl 

ant  Hcshy,  as  m  Iris,  nr  slender  with  elongated  internodes,  as  in  tint 

grasses  ( for  example,  Bermuda  l>ent).  Normally,  roots  and  shoots  dex-elop 

.om  the  nodal  regions.  Snell  teeeds  as  ,|iiack  grass  and  Canadian  thistle  are 

paiticiilaily  insidious  hetaiise  they  spread  so  rapidiv.  owing  to  their  natural 
propagation  by  rhizomes. 

Tnbin  an  gieatly  enlarged,  Hesliy  |iortions  of  underground  steins  Tliev 
a.e  ypically  noncylimirical.  (The  woril  ■■tiiher”  is  derieed  from  a  Latin 
OK  nitaning  nmp. )  The  edible  portion  of  the  white  potato  is  a  liilier 
e  eees  arranged  in  a  spiral  around  the  tuber  are  the  buds.  Each  twe 
consists  of  a  nidimentary  leaf  scar  and  a  cluster  of  buds. 

The  Leaf 

vC  e::::;;  f  :s;;- 

appendage  of  the  stem,  arranged  in  such  a  n  oi  V  ' 

-K.  efficient  alcsorptioii  of  light  ;ne‘rgv.‘ 'tH:!:;  Cr’i's  LnX 


The  Slnicftire  of  Horticultural  Phnits  [C'liap.  3] 


“(•) 

attached  to  tlie  stem  hv  a  stalk  or  f)ctiolc.  Leat-like  otitgrowths  ot  the 
petioles,  known  as  stipules,  are  commonly  present. 

The  anatomical  structure  oi  the  leaf  is  shown  in  Fig.  3-20.  Note  that  the 
\ascnlar  svstem  in  leaves  forms  a  hranching  network  called  veins.  The 
veining  is  t\picallv  net-like  in  dicots  and  parallel  in  monocots.  The  leaf 
blade,  althoneh  commonlv  hilaterallv  svmmetrical,  is  not  radiallv  svmmetri- 
cal,  since  it  has  a  distinct  upper  and  lower  side.  Beneath  the  upper  e]n- 
dermal  laver,  which  is  characterized  hv  heavy  deposits  of  cutin,  lie  series 
of  elongated,  closelv  packed  “palisade”  cells  that  are  particularly  rich  in 
chloroplasts.  The  irregiilarlv  arranged  cells  beneath  the  palisade  cells  pro¬ 
duce  a  sponge-like  region  {sjwiu^ij  niesoj)Ju/U)  that  provides  an  area  neces- 
sarv  for  gaseous  exchange  in  photosynthesis  and  transpiration.  The  lower 
epidermis  is  interspersed  with  stomata — openings  in  the  leaf  that  permit 
the  exchange  of  carbon  dioxide  and  water  \’apor  w  ith  the  environment. 

Lea\  es  of  plants  \  arv  from  the  Hat,  thin  disks  described  to  the  stem-like 
fleshv  structures  found  in  Saiisccieria.  The  tendrils  of  peas  are  modifications 

Fig.  3-20.  Structure  of  an  apple  leaf. 


[From  Eames  and  MacDaniels,  .An  Introduction  to  Plant  .\natonuj,  McGraw-Hill,  Xcw  York, 
1947.] 
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of  tlic‘  leaf.  Leaves  are  the  e(li])le  portion  of  nianv  plants,  sneh  as  lettnee, 
eahhage  (Fig.  3-21),  spinaeh,  and  are  often  tiu*  ehief  features  of  inanv 
ornamentals  (poinsettia,  foliage 
plants),  espeeialK’  when  the\'  are 
rich  in  red  and  \ellow  pigments. 

Lite  I'lowcM- 

The  How’er  shows  great  \arietv 
in  structure,  composition,  and  size. 

The  principal  flower  parts  (Fig. 

3-22)  are  as  follow's: 

Sepals  (collectively,  the  calv.\) 
enclose  the  flower  in  hnd.  They  are 
nsiially  small,  green,  leaf-like  stnic- 
tnres  below  the  petals. 

Petals  (collectiN'ely,  the  corolla)  are  the  conspicuous  portion  of  most 
flowers.  The>'  are  often  highly  colored,  with  the  usual  e.xception  of  green 
pigments,  and  may  contain  perfume,  as  well  as  nectar  glands  that  prcKluce 
a  \  iscous,  sugary  substance.  The  e.xtremely  large,  showy  flowers  of  many 

Fig.  3-22.  7  he  structure  of  the  flower. 

[Fron,  Porter,  raxouomy  „f  Vloxicring  Plants,  Freeman,  San  Francisco,  1959.] 


Fig.  3-21.  The  cabbage  head  consists  of 
large  fleshy  leaves  attached  to  a  com¬ 
pressed  .stem. 

rPhot()«rai)h  hy  .1.  C.  .Allen  &  Son.] 
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The  ^tnictiire  of  llorticultiual  Plants  [C^liaji.  3] 

fulti\at(‘(l  ornamentals  are  the  result  of  rigorous  selection  for  this  character. 

Stamens  are  composed  of  pollen-bearing  anthers  supported  hv  a  filament. 
W  hen  the  pollen  is  mature  it  is  discharged  through  the  rnptnr(‘d  anther 
wall. 

Pistils  consist  of  an  oi///e-bearing  base  (or  ovanj)  supporting  an  elongat(‘d 
region  (or  sti/le)  whose  expanded  tip  (or  snrfaec')  is  called  the  stigma,  d'he 
o\nle  gi\es  rise  to  the  seed.  The  mature  o\'ar\’  (with  or  without  seeds) 
becomes  the  fruit. 

The  petals  and  sepals  of  the  flow'er,  as  well  as  the  reproducti\’e  parts — 
that  is,  the  stamens  and  pistils — are  essentially  modified  leaves.  The  leafy 
origin  of  the  stamens  can  be  clearly  shown  in  the  stamenoids  or  “extra” 
petals  of  the  cultivated  rose  (Fig.  3-23).  These  flow'er  parts  are  borne  on 
an  enlarged  portion  of  the  flower-supporting  stem,  called  the  receptacle. 

Flowers  composed  of  sepals,  petals,  stamens,  and  pistils  are  referred  to 
as  complete  (Fig.  3-24).  Incomj)lete  flow'ers  lack  one  or  more  of  these  parts. 
For  example  thev  mav  lack  stamens  (pistillate  or  “female  flowers)  or  pistils 
(staminate  or  “male”  flowers).  Those  that  contain  both  stamens  and  pistils 
(perfect,  bisexual,  or  hermaphroditic  flowers)  may  lack  calyx  or  corolla. 


Fig.  3-23.  Roses  have  five  sepals,  five 
petals,  nmnerons  stamens  or  petalokls, 
and  several  pistils.  A  petaloid  is  a 
petal-like  structure  developed  from  a 
.stamen,  forming  xchat  is  termed  semi- 
douhle  or  double  fioicers.  (A)  Double 
flowerina  ro.se  with  all  five  petals  in¬ 
tact.  From  this  specimen  the  five  pet¬ 
als  and  SI  petalokls  have  been  re¬ 
moved  pronressivehj  inward.  Each 
petaloid  .shows  a  rudimentartj  anther. 
(R)  The  .same  sjwcimen  after  renxov- 
inn  all  the  petals  and  petalokls  to  ex- 
pose  the  numerous  .stanums.  The  num¬ 
ber  of  petalokls  depends  larnchj  on 
nenetie  factors.  Compare  with  (C), 
a  .single  ro.se  with  five  petals  and  no 
petaloid.s. 

[Adapted  from  Honeywell,  Roses.  r:xtension  ( ar¬ 
eolar  42”,  Pordne  Univ.] 
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Fiji.  3-24.  The  flower  of  the 
lihj  has  all  parts  and  is  therefore 
per  feet  and  complete.  When 
grown  commercialhj,  the  anthers 
are  removed  because  the  pollen 
stains  the  petals. 

[Pli()t()«rapli  !)>  |.  C.  All  cn  A-  Son.J 


Similarly,  plants  are  referred  to  as  staminate,  j)istiUate,  or  perfect  on  the 
basis  of  the  t)pe  of  flowers  they  bear.  When  both  staininate  and  pistillate 
floweis  occur  on  the  same  plant,  as  in  corn,  the  sex  t\pe  is  monoecious. 
Species  in  which  the  sexes  are  separated  into  staininate  and  pistillate  plants 
are  dioecious  (date  palm,  papaya,  spinach,  asparagus,  hemp).  Other  combi¬ 
nations  of  flower  types  also  occur.  For  example,  muskmelons  ha\e  perfect 
and  pistillate  flowers  on  the  same  plant;  this  sex  type  is  referred  to  as 
andromonoecious. 


The  Fruit 


Iho  botanical  term  "fniit'’  refers  to  the  matnie  orary  ami  otirer  fforcer 
parts  associated  witli  it.  Tims,  it  may  incinde  the  receptacle  as  well  as 
»  .lliercd  remnants  of  flie  petals,  sepals,  stamens,  and  stylar  portions  of  the 
pistil.  It  wiinid  also  inclmle  an\'  seeds  contained  in  tile  inarw 

I  lie  striictnre  of  tile  fruit  is  related  to  tile  strncinre  of  the  flower.  Fruits 
aie  classified  by  tbe  number  of  in  aries  incorporated  in  tile  strnctnre  ( for 
exainple,  as  simple,  or  fruits);  tbe  nature  ami  striictine 

O  tbe  rwais-  nail;  their  ability  to  and  tbe  metliod  bv  wbicb  tbev  split 

in  d'ie  olrv."'’"  "‘‘y  "  ''■'dt  tiie  seed  is  attacied 


■SI  M  I’Ll-:  1  iiu  n  s.  The 
a  single  o\  ary,  and  are 


majority  „f  flowering  plant.s  luue  fruits  compo.se 
'•‘•♦‘•nvd  to  as  simple  fruits.  In  the  matmv  fruit  f  u 
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The  Shuclurc  of  llorUciiltiiial  Tlants  [Chap.  3J 


Fig.  3-25.  The  nuiskmclon  in  a  hcrni-typc  fruit  called  a  pepo. 
I'he  raid  is  exocarp;  the  edible  flesh  is  ntesocarp. 

[Phi  toKiapli  !)>■  J.  C.  .^llen  &  Son.] 


tile  enclosed  seed  is  fiillv  dev'eloped),  the  o\ary  wall  may  be  fleshy  (com¬ 
posed  of  large  portions  of  li\ing  succulent  parenchyma)  or  dry  (made  up  of 
nonliving  sclerenchvma  cells  with  lignified  or  suberized  walls). 

The  o\arv  wall  or  j)cricarj)  is  composed  of  three  distinct  layers.  From 
outer  to  inner  layer,  these  are  the  cxocarp,  uiesoearp,  and  endocarp.  \\3ien 
the  entire  pericarp  of  simple  fruits  is  Heshy,  the  fruit  is  referred  to  as  a 
l)eny  ( not  to  be  confused  with  the  horticultural  term  used  in  reference 
to  the  edible  portion  of  some  “small  fruits  ).  The  tomato,  grape,  and  pepper 
are  berr\'  fruits.  The  muskmelon  is  a  berr\'  (specifically,  a  pe])o)  with  a 
hard  rind  made  up  of  exocarp  and  receptacle  tissue  (tig-  3-25).  Citrus 
fruits  are  also  berries,  called  hesperidiuui,  in  which  the  rind  is  made  up  of 
exocarp  and  mesocarp;  the  “edible  ’  juicy  portion  is  endocarp. 

Simple  fleshy  fruits  having  a  stony  endocarp  are  known  as  dru})e  (or 
stone)  fruits  (peach,  cherry,  plum,  olive).  The  skin  of  these  fruits  is  the 
exocarp;  the  fleshy,  edible  portion  is  the  mesocarp.  Simple  fleshy  fruits  in 
which  the  inner  portion  of  the  pericarp  forms  a  dry,  papei-like  coie  aie 
known  as  ponies  (apple,  pear,  (jiiince). 

The  dry,  dehiscent,  simple  fruits  include  such  types  as  pods  (pea),  fol¬ 
licles  (milk  weed),  capsules  (jimson  weed),  or  sikpies  (crucifers).  The 
dry,  simple  fruits  that  do  not  dehi.sce  wlien  ripe  include  achenes  (sun¬ 
flower),  caryopsis  (corn),  samara  (maple),  scliizocarp  (carrot),  and  nuts 
(walnut).  These  are  diagrammed  in  Fig.  3-26. 


\(;(;hk(: ATI-;  ruuns.  Aggregate  fruits  are  derived  from  a  flower  ha\ing 
many  pistils  on  a  common  receptacle.  1  he  indiv  idual  fruits  of  the  aggu'giite 
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Pod  of  pco 


Siliqnc  of 
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Samarcj  of 
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Achenc  of 
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of  eorrot 


Nut  (ocorn) 
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Fis. 


3-26.  Various  types  of  situ  pie  fruits. 

[Adapted  fro,n  Holman  and  Robbins,  A  Textbook  of  General  Botany.  W'iley 


\e\v  York, 


1939.] 


may  bo  drupes  (stony),  as  in  hlackhonios  or  aclienes; 
t  ry  fruits  attaclied  to  the  receptacle  at  a  single  jioint, 
n  the  straNx  herry  the  Heshy  edible  portion  is  the  receph 


is,  one-seeded, 
in  strawberries. 
(Fig.  3-27). 


^  f"”’’  “'Pirate  but 

clcxs dv  clu,st<.ro<l  fl„«c.r,.  Ka.niliar  <.xan,ples  „f  ,n„Ui„le  f,„it;  .„i  ,1, 

apple,  fig,  and  mnlbeny.  Tlio  beef  “seecr  is  a  multiple  fruit!  ‘ 
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Fig.  3-27.  The  strawberry  is  an  aggregate  fruit.  The  seed-like 
structures  are  archenes,  which  are  small,  dry,  indehiscent,  one- 
seeded  fruits. 

[From  Holman  and  Robbins,  A  Textbook  of  General  Botanij,  Wiley,  New  York, 
1939.] 


The  Seed 

A  seed  is  a  miniature  plant  in  an  arrested  state  of  development.  Most 
seeds  contain  a  “built-in’  food  supply  (the  orchid  seed  is  an  exception). 
Structurally,  the  seed  is  a  matured  ovule,  although  \'arious  parts  of  the 
ovary  may  be  incorporated  in  the  seed  coat.  The  miniature  plant,  oi  embi\o, 
develops  from  the  union  of  gametes,  or  sex  cells.  The  details  of  the  feitiliza- 
tion  process  will  be  discussed  in  Chapter  9,  Mechanisms  of  Piopagation.  H\ 
the  time  the  seed  is  mature,  the  embryo  is  differentiated  into  a  rudimentary 
shoot  (plumule),  a  root  (radicle),  and  one  or  two  specialized  seed  leaves 
(cotyledons).  A  transition  zone  between  the  rudimentary  root  and  shoot  is 
known  as  the  hypocotyl.  Diagrams  of  \arious  seeds  are  shown  in  Fig.  3-28. 

The  stored  food  is  present  in  seeds  as  carbohydrates,  fats,  and  proteins. 
Seeds  are  thus  a  rich  source  of  food  as  well  as  of  fats  and  oils  for  industiial 
purposes.  This  stored  food  may  be  derived  from  a  tissue  called  the  endo¬ 
sperm,  which  is  formed  as  a  result  of  the  fertilization  process.  The  endo- 
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E.  OLIVE  p  PPAJ^ 

I'ig.  .3-2(S.  Structure  of  seeds  and  one-seeded  fruits. 

lai;",'"'  . . .  I''""'  E„bU.»,.,<1  dill,. 

sperm  may  pix.dnce  a  specialized  rcgiiin  of  tlie  mature  seed,  as  in  corn, 
ur  may  be  absorbed  l,y  tbe  developing  embryo.  In  the  latter  case  tbe 
co^lednns  serse  as  tb..  food-storage  organ  (for  exa.nple,  beans  an.l  ual- 

Smls  vary  greatly  in  size,  form,  and  shape.  Most  plants  can  be  itlentified 
1.)  liter  seetls  alone.  In  atlditinn,  great  variation  exists  witbin  seeds  of  a 
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Fig.  3-29.  Sm/  gennination 
aiul  sccclliug  niorj)liolog'i  in 
o)ii()ii  {a  nionocoi)  and  ai.stoi' 
bean  [a  dicot).  In  .wnic  di- 
cotijlcdonons  }dant.s  the  r.v- 
j)a)i.sion  of  the  htipocottjl  clc- 
vatc.s  the  cotijledon  above 
ground  {e})igeon.s  gertid)ia- 
tion),  icherea.s  in  others  the 
In/pocotijl  fails  to  expand,  and 
the  cotijledons  remains  below 
ground  iln/pogeous  germina¬ 
tion  ) . 

[Adapted  from  Foster  and  Cntlord, 
Ciiinixirtiliic  Moritholony  of  Viiscii- 
lor  Pliiuls,  Freeman,  San  Franciseo, 
1959.] 
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spt'cies.  This  includes  such  tilings  as  the  presence  or  absence  of  spines 
(spinach),  color  variation  (beans),  and  differences  in  the  chemical  compo¬ 
sition  of  stored  food  (sugary  sersus  starchy  corn). 

Seed  oennination  refers  to  the  change  from  the  status  of  arrested  de- 
N’elopment  to  actixe  growth.  The  subseijuent  seedling  stage,  the  interxal 
during  which  the  young,  foraging  plant  becomes  dependent  on  its  owm  food 
manutacturing  structures,  is  diagrammed  in  Fig.  3-29. 
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Plant  Grow  til 


Iti  all  a^es  the  growth  of  j)lauts  has  ititerestcd  thoughtful  men. 

SIR  JOHN  RUSSELL 


THE  CELLULAR  BASIS  OF  PLANT  GROWTH 

Plant  growth  refers  to  an  irreversible  increase  in  size.  The  increase  in 
size  and  dry  weight  of  an  organism  reflects  an  increase  in  protoplasm.  This 
mav  occur  through  increases  both  in  cell  size  and  in  the  number  of  cells. 
The  increase  in  the  size  of  the  cell  has  some  limitations  imposed  on  it  by 
the  relationship  between  its  volume  and  its  surface  area.  (The  volume  of 
a  sphere  increases  faster  than  its  surface  area.)  The  process  of  cell  division 
provides  the  basis  for  growth.  Cell  division  is  a  Iflochemically  regulated 
process,  however,  and  is  not  necessarily  directly  controlled  by  any  relation¬ 
ship  between  the  volume  of  a  cell  and  its  membranal  area. 

The  increase  in  protoplasm  is  brought  about  through  a  series  of  events 
in  which  water,  carbon  dioxide,  and  inorganic  salts  are  transfoimed  into 
living  material.  With  respect  to  plant  cells,  this  process  involv^es  the  pio- 
duction  of  carbohydrates  (j)hotosijnthesis) ,  the  uptake  of  water  and  nu¬ 
trients,  and  the  elaboration  of  complex  proteins  and  fats  from  carbon  frag¬ 
ments  and  inorganic  compounds  {metabolism).  The  recpiired  chemical 
energv  is  provided  by  respiration.  These  physiological  piocesses  aie  func¬ 
tions  of  individual  cells  and  of  multicellular  organisms.  They  aie  not  un¬ 
related  to  each  other  any  more  than  the  ignition  system  is  unrelated  to 
the  compression  stroke  of  the  cylinders  in  the  gasoline  engine.  Neveitheless, 
their  classification  into  separate  processes  is  a  useful  concept. 


Photosynthesis 

Photosynthesis  is  the  process  in  which  carbon  dioxide  and  watei  in  the 
presence Of  light  are  transformed  to  carbon-containing,  energy-rich,  organic 
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coinpoiinds.  This  conversion  of  liglit  energy  into  clieinical  energy  is  tlie 
most  significant  of  tlie  life  processes.  Witli  few  exceptions  all  of  tlie  organic 
niatt('r  in  li\'ing  things  is  ultimately  provided  through  this  secpience  ol  bio¬ 
chemical  reactions. 

Photosynthesis  takes  place  primarily  in  the  presence  of  two  pigments, 
chlorophyll  a  and  chlorophyll  h,  and  as  far  as  is  known,  it  takes  place  only 
in  the  chloroplasts  of  the  living  cell.  Photosynthesis  is  a  complex  series  of 
int(*grat(‘d  processes  that  can  be  stated  in  abbreviated  form  by  the  follow¬ 
ing  chemical  reaction. 


li^lit  energy 

P2II.)()  -f-  (iC’Oo  +  in  the  presence  — >■  +  ^(>2 

of  c*hl()r()))hyll  sugar  oxygen  water 

1'he  first  process  in  this  series  of  reactions  is  temperature  independent 
and  involves  the  trapping  of  light  energy.  This  step  appears  to  involve 
the  formation  of  certain  compounds  that  affect  the  decomposition  or  cleav¬ 
age  of  the  water  molecules  into  hydrogen  and  oxygen.  The  second  phase 
of  the  reaction  is  greatly  affected  by  temperature.  Essentially  the  hydrogen 
atoms  from  water  are  “stored”  in  the  chloroplasts  and  are  accepted  by 
carbon  dioxide  to  form  CH2O  units,  the  bases  of  the  sugars.  This  reduction 
of  carbon  dioxide  is  an  energy-storing  reaction.  Radioactive  isotope  tech- 
nicpies  have  shown  that  all  the  oxygen  released  in  photosynthesis  is  derived 
from  the  water  molecule. 


Respiration  and  Metabolism 

Respiration,  the  process  of  obtaining  energy  from  organic  materials,  is  in 
a  sense  the  reverse  process  of  photosynthesis. 

(  6lb2ff6  T  h()2  — ()n20  ~|-  ()('())  -|-  energy. 

1  he  captured  energy  of  light  is  released  from  the  low-temperature  oxidation 
(huining)  of  sugars  and  fats.  While  part  of  the  released  energy  appears 
as  heat,  useful  energy  is  channeled  into  chemical  work.  This  chemical 
energy  accommodates  the  synthesis  of  organic  materials,  which  is  mani¬ 
fested  in  growth.  Respiration  is  a  feature  of  all  living  plants.  The  measure¬ 
ment  of  carbon  dioxide  given  off  in  respiration  is  often  utilized  as  a  test 
for  life. 

The  biologic  conil>nstion  of  sugar  is  an  extremely  complicated  series  of 
biocliemical  reactions  involving  many  specific  enzyme  systems  and  energy 
carriers.  1  bo  steps  from  6-carbon  sugar  to  carbon  dioxide  involves  the  trans- 
lormalion  ot  pbospbate  derivatives  of  sugar  to  .3-carbon  pyruxic  acid 
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( C^l  l.;CX)C()()H ) .  'I'liis  stop  is  coniiiion  to  iiiiinv  organisms.  Organisms  that 
do  not  ro<piir('  oxygon  {(in(icr()J)cs)  transform  pvnnio  aoid  to  aloohol  or 
laotio  aoid.  Tlioso  organisms,  snoh  as  tho  highor  plants,  that  ro(jniro  oxygon 
{(icrobcs)  transform  p\ru\io  aoid  to  wator  and  oarhon  dioxido.  Tliis  in- 
volvos  tho  participation  of  a  numbor  of  plant  acids  in  a  cyclic  series  ol 
steps  known  as  the  Krebs,  or  citric  acid,  cycle.  The  relationship  between 
r(‘spiration  and  photosynthesis  is  shown  diagrammatically  in  Fig.  4-1. 

The  rate  of  respiration  depends  on  many  factors.  It  is  highest  in  rapidly 
growing  tissues  and  is  lowest  in  dormant  tissues.  The  rate  of  respiration  is 
greatly  influenced  by  temperature,  and  approximately  doubles  for  each 
18°F  rise  over  a  range  of  40-97°  (Fig.  4-2).  Among  other  environmental  fac¬ 
tors  that  influence  the  respiration  rate  are  the  availability  of  oxygen  and 
nitrogen,  the  availability  of  sugar  and  fat,  and  the  age  and  condition  of  the 
cells  and  tissues. 


Fig.  4-1.  Metabolic  pathwaijs  i)t  ^reen  plants. 
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TJic  Cellular  Basis  of  Plant  Growth 

All  of  tlie  various  materials  produced  in  plants  ( carboliydrates,  proteins, 
sterols,  essential  oils,  alkaloids,  pigments,  and  so  forth )  are  derived  from  the 
carhon  fragments  produced  by  photosynthesis  and  from  the  inorganic  nu¬ 
trients  absorbed  from  the  soil.  The  synthesis  {anabolism)  and  degradation 
(catabolism)  of  these  materials  is 
referred  to  as  metabolism.  The  deg¬ 
radation  of  sugar  and  fats,  with 
their  release  of  energv  in  respi¬ 
ration,  can  he  considered  as  a  spe¬ 
cialized  portion  of  metabolism.  The 
elucidation  of  this  metabolic  ac¬ 
tion  represents  some  of  the  bright¬ 
est  chapters  in  biochemistrv. 

Nutrient  Absorption 

\\  ith  respect  to  absorption,  the 
cell  can  be  considered  as  a  mass  of 
protoplasm  surrounded  by  a  differ¬ 
entially  permeable  membrane  that 
permits  passage  of  water  and  inor¬ 
ganic  salts  hut  restrains  the  passage 
of  large  comple.x  molecules.  The 
moN’ement  of  molecules  through  a  selectiv'ely  permeable  membrane  is  known 

as  diffusion.  The  diffusion  of  water  molecules  through  sucli  a  membrane  is 
osniosis. 

The  movement  of  molecules  in  the  process  of  diffusion  can  be  demon¬ 
strated  m  nonliving  systems  by  immersing  a  differentially  permeable  mem¬ 
brane  that  contains  sugar  water  into  a  solution  of  pure  water,  as  shown  in 
Fig.  4-3.  The  water  moves  from  the  solution  of  high  concentration  (pure 
water)  to  the  solution  of  low  concentration  (sugar  solution).  Living  cells, 
however,  are  able  to  accumulate  certain  ions  unaccounted  for  bv  the 
straightforward  process  of  diffusion.  The  cell  appears  to  act  as  a  metabolic 
pump.  This  piocess,  known  as  acti\e  uptake,  reipiires  energy  which  is 
supplied  ultimately  from  respiration.  This  is  demonstrated  bv  t'he  fact  that 

metabolic  inhibitors  or  poisons  such  as  carbon  mono.xide  prevent  active  up¬ 
take.  i 

llu'  aliility  „f  ,n<,locuk..s  t(i  inovo  i„  and  out  „l  plant  colls  is  rolatocl  to 
tl.o  s,zo  ol  11,0  molecules,  tl,ei,-  oil  (lipid)  soinbilitv.  and  tboi,-  n,en.l„ano 
Itcimeabd.h.  Tims,  large  complex  molecules  pi„duced  in  tlie  cell  tend  to 


Fig.  4-2.  The  relationship  between  the 
respiration  rate  of  germinating  pea  seed¬ 
lings  and  temperature. 

[Adiiptfd  from  Bonner  and  Galston,  Principles  of 
Plant  PhijsioUmi,  Freeman,  San  Francisco,  19.52; 
after  data  of  Fernandes.] 
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[Adapted  from  Bonner  anti  Clalston,  Bruit  ip/t's  of  Plant  Phiisiolof’tj,  Freeman,  San  Francisco, 
1952.] 


remain  in  the  cell.  The  fact  that  the  rate  of  ino\’einent  of  solutes  through 
cell  membranes  is  roughly  proportional  to  their  fat  solubility  suggests  that 
the  membranes  are  largely  composed  of  fatty  material.  Membrane  perme¬ 
ability  is  affected  by  the  ionic  concentration  of  the  nutrient  medium. 
Monovalent  ions  (K^,  Na  +  ,  C1-)  appear  to  increase  the  permeability  of 
membranes,  whereas  polyvalent  cations  (Ca++  and  Mg^"^)  decrease  mem¬ 
brane  permeabilitN’.  Furthermore,  different  ions  interact  in  their  effect  on 
membrane  permeability  (ion  antagonism) . 

Although  chemical  analysis  of  plant  cells  may  indicate  the  presence  of 
many  different  elements,  only  15  have  been  shown  to  be  essential.  The  most 
abundant  elements,  carbon,  hydrogen,  and  oxygen,  are  derixed  from  car¬ 
bon  dioxide  and  water.  The  other  12  are  ultimately  derived  from  the  soil 
in  the  form  of  inorganic  salts  (Table  4-1).  The  growth  of  a  cell  is  de¬ 
pendent  on  the  (juantitx’  and  availability  of  the  essential  nutiients.  Sinct 
nutrients  and  water  are  ultimately  supplied  to  the  plant  fiom  the  soil,  the 
study  of  plant  nutrition  is  largely  involved  with  the  biology  and  chemistn 
of  the  soil. 


Translocation 

Translocation  may  be  defined  as  the  movement  of  inorganic  and  organic 
solute's  from  one  part  of  the  plant  to  another.  The  transport  of  wale'r  and 
solutes  in  and  out  of  single  cells  and  simple  multicellular  plants  is  largely 
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Table  4-1,  The  ficclvc  csscutial  clcinents  derived  from  the  soil. 

(Kroiii  Homier  and  (Jalston,  l’riii(ii)lcs  of  Plant  I'ln/siolofiy,  Frr-emaii,  San  Francisco,  alter 

Leeper.] 
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accomplislied  by  diffusion.  In  higher  plants,  ho\ve\'er,  this  conduction  of 
solutes  is  carried  out  largely  in  distinct  tissue  systems.  Physiological  spe¬ 
cialization  in  multicellular  plants  is  made  possible  because  of  the  rapid, 
laige-scale  tianspoit  of  substances  within  the  plant.  This  mo\’ement  is 
laigely  a  two  way  stream,  in  which  water  and  its  dissoK  ed  contents  mo\  e 
up  from  the  roots  through  the  xylem,  and  synthesized  sugars  mo\e  out 
from  the  leases  through  the  phloem. 

The  upw'ard  mosement  of  water  and  solutes  in  higher  plants  is  not  fully 
undei stood.  It  is  thought  to  be  related  to  transpiration,  the  esaporatise 
loss  of  water  vapor  from  the  leases  through  the  numerous  stomatal  open¬ 
ings.  As  svater  is  lost  by  the  cells,  a  diffusion-pressure  deficit  draws  the 
water  from  the  xylem  elements.  Because  the  xylem  elements  form  a  con¬ 
tinuous  tube  from  roots  to  leases,  the  tension  is  transmitted  through  the 
entire  column.  This  reduced  pressure  deficit  transmitted  to  the  roo't  cells 
results  in  increased  ssater  absorption  (Tier.  4-4). 

The  rate  of  transpiration  is  affected  by  the  position  of  the  stomatal  open¬ 
ings  and  by  ens  ironmental  factors,  such  as  temperature  and  humidits-  that 
affect  the  rate  of  esaporation  of  water.  The  opening  of  the  stomata  is  a 
nK.cl,an,caI  pn.ces,,  reg,.late<l  l,y  the  tnrgiclity  „f  H,o  g„a,<l  cells.  The 
mgichU  of  the  gnani  cells  is  proportional  to  the  carhon  dioxide  content 
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Fig.  4-4.  Diagram  of  the  translocation  of  water  and  elaborated  sugars  in  the 
plant.  The  upward  movement  of  water  through  the  xylem  can  he  exjdaincd 
on  the  basis  of  a  tension  on  the  continuous  water  column  in  the  plant,  this 
ten.sion,  produced  by  the  evaporation  of  water  from  the  leaf  (transpiration), 
is  transmitted  to  the  absorbing  cells  of  the  root.  Sugars  .synthesized  in  the 
leaves  move  through  the  sieve  tubes  of  the  phlomn.  Phloem  tianspoit  is  a 
pressure  flow  brought  about  by  a  high  o.smotic  eoneentration  in  the  leaf  cells 
and  a  low  concentration  in  the  receiving  cells.  A  model  of  this  .system,  calhd 
the  osmometer,  is  shown  at  lower  left. 


[Adapted  from  Bonner  and  Galston,  Principles  of  Plant  PhysioUwi,  Freeman.  San  Francisco, 
1952.] 


of  the  substomatal  capacity,  altliough  tlie  mechanism  involved  is  unknenvn. 
4'lie  cessation  of  pliotosyntliesis  at  night  raises  tlie  CX)^  content  of  tlie  siih- 
stomatal  cavitv.  The  suhse(|nent  decrease  in  tlie  turgiditv  of  the  guard  cells 
clo.ses  the  stomatal  cavity.  Light  during  the  day  initiates  photosynthesis, 
which  lowers  the  carhon  dioxide  content  (from  about  .O.V.Ol? )  and  re\-crses 
the  process.  The  turgiditv  of  the  guard  cells  is  also  lowered  hy  an  excessixe 
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water  loss.  Thus,  the  stoniatal  movements  are  controlled  hv  a  biological 
governor  that  regulates  the  water  economy  of  the  plant. 

I'he  movement  of  sugars  occurs  principally  in  the  phloem.  Phloem  trans- 
jiort  apj^ears  to  he  accomplished  by  increased  osmotic  concentration  in 
the  leaf  meophyll  cells  brought  about  by  the  high  concentrations  of  dis¬ 
solved  photosynthates  elaborated  there.  These  sugars  then  mov'e  into  the 
aniicleated  sieve  tubes  of  the  phloem  by  a  process  that  is  not  clearly  under¬ 
stood.  The  resultant  sugar  gradient  results  in  a  pressure  How,  and  other 
substances  appear  to  be  swept  along  the  sieve  tube  stream.  The  sugars 
are  utilized  in  the  receiving  cells  through  respiration,  growth,  or  storage 
piocesses.  There  is  also  evidence  of  lateral  transport  from  xylem  to  phloem, 
and  conse(juently  there  is  some  movement  of  minerals  in  the  phloem.  In 
addition,  the  .xylem  of  woody  stems  appears  to  function  in  the  upw'ard  mo\’e- 
ment  of  organic  nitrogen. 


D  I  P  F  E  R  E  N  T I A  T I O  N 

Growth  and  development  are  interrelated  phenomenon.  Growth  has  been 
defined  as  an  irreversible  increase  in  size  (and  usually  in  dry  weight)- 
development  involves  differentiation,  and  refers  to  a  higher  order  of  change 
involving  anatomical  and  physiological  specialization.  The  mechanisms  of 
c  evelopment  and  differentiation  are  one  of  the  great  problems  of  biologv-. 
The  transformation  from  the  single  cell  to  the  complex  multicelled  organism 

IS  imperfectly  known;  only  a  verv-  few  of  the  pathwavs  involved  in  these 
changes  are  understood. 

Differentiation  is  also  a  cliaracteristio  of  iiulhiclnal  cells.  Unicellular  or¬ 
ganisms  me  capable  of  complex  (lifferentiation,  xvitli  no  other  apparent 
stimulus  than  their  o«  n  genetic  make  up.  Deselopincnt  of  the  multicellular 
plant  IS  the  simnnation  of  inriieidual  cell  differentiation.  Iloxeeeer  the 
eells  of  nndtieelliilar  organisms  have  exchangetl  xersatilitx  for  specialization 

Tlie  mitotic  process  in  cell  <h\ision  (see  Uhapter  9)  insures  .renetic 
con  iniutv  o,  all  cells  in  an  organism.  Il.ne  can ‘multicellular  <«ins 
nade  up  of  genetically  identical  cells  tlifferentiatc?  The  general ‘’•msuer 
...  the  interaction  of  the  genetically  controlled  (.roces^  th  t" 
;:r:t.ir;::'t7rl  ™'i'-'n';H'nt.  The  immediate  cm  iron.nent  ..f  all  , 

mi;  cell,  ar  organisms,  partieular  cells  take  ox-er  the  control  of  di:;;.'',.!.- 
to  hx  such  names  as  groxvth  regulators,  hormone.s,  au.xin.  antb 
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auxin,  growtli  promoters,  and  inhibitors,  and  so  on  (Fig.  4-5).  On  a  cellular 
basis  it  is  probably  an  enzyme  that  carries  the  mes.sage.  Tims  the  environ¬ 
ment  of  any  cell  in  a  complex  organism  includes  the  interaction  of  its 
own  genetic  endowment  with  substances  produced  from  other  cells. 

The  family  of  substances  that  affect  growth  and  development  may  be 
eonvenientlv  termed  (growth  rc<^iilators.  These  are  organic  substances  whose 
activity  appears  far  out  of  proportion  to  their  concentration.  Minute 
amounts  (as  little  as  one  part  per  billion),  exert  measurable  physiological 
effects.  The  term  growth  regulators  includes  both  naturally  occurring  and 


synthetically  copied,  or  created,  substances.  They  may  be  either  inhibitors 
or  promoters  of  growth. 

The  term  hormone,  widely  used  in  animal  physiology,  refers  to  organic 
substances  that  are  produced  by  the  organism  and  whose  action  may  be 
in\ oK  ed  in  sites  removed  from  their  origin.  Plant  differentiation  is  also  con¬ 
trolled  by  hormones  (that  is,  pJiytohonnoncs) .  The  class  of  growth  regu¬ 
lators  known  as  auxins  has  received  considerable  attention  in  plant  physi¬ 
ology  and  horticulture.  Auxins  are  hormone-like  growth-promoting  sub¬ 
stances.  Cell  elongatio)i,  the  simplest  example  of  anatomical  differentiation, 
is  directly  affected  by  auxin  concentration.  The  mode  of  action  appears  to 
iinolve  alterations  in  the  plasticity  of  the  cell  wall. 

This  fundamental  property  of  auxin  to  affect  simple  elongation  has  been 
exploited  as  an  assay  of  auxin  activity.  The  most  basic  assay  consists  in 
measuring  the  rate  of  elongation  of  oat  coleoptile  sections  floating  in  the 
solution,  as  compared  with  a  control.  Similar  tests  involve  rates  of  stem 
curvatures  in  response  to  auxin  application,  as  in  the  split  pea  test  ( f  ig. 
4-6).  Phototropism,  the  bending  tow'ards  light  of  a  growing  seedling,  can 
be  explained  on  the  basis  of  differential  cell  elongation  as  a  result  of  auxin 
redistribution  and  inhibition  of  auxin  .synthesis  in  the  growing  point  hy 
light.  The  auxins  accumulating  on  the  darkened  side  of  the  meristem  elon¬ 
gate  the  cells  on  that  side.  The  result  is  that  the  stem  bends  toward  the 
light,  as  shown  in  Fig.  4-7.  The  term  auxin  is  now  reserved  for  compounds 
tirat  when  assayed  bv  a  specific  test  invob  ing  oat  coleoptiles,  effect  enlarge¬ 
ment  of  the  .sections!  Thus,  gibberellic  acid,  a  naturally  occurring  growth- 
regulating  substance  that  effects  stem  elongation,  is  not  considered  auxin 
becau.se  of  the  negative  results  obtained  by  this  as.say.  The  most  common 
natural  auxin  is  indoleacetic  acid  (l.\A),  which,  with  its  chemically  related 
active  compounds,  is,  in  fact,  often  referred  to  as  auxin.  This  usage,  how- 
(‘ver,  is  imprecise  and  confusing. 

Viixi.i  tiu'  nidsl  stmlioil  (.f  llu'  pliytolidniKiiu’S,  is  at  pri'sciit  tlii'  lu-s 
„„clc,st„<.<l  tif  tl.o  many  sul>stances  atfecling  plant  cU-velnp.nnnt,  It  ,s  Inrnu-cl 
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Fiji.  4-5.  Plant  ^roufh  and  develojnnent  is  direeted  hi/  or/i^anic  suhstanees  pro¬ 
duced  in  various  parts  of  the  plant  and  translocated  to  others.  One  fironp  of 
sneh  snhstances,  called  auxins,  are  produced  in  the  plant  extremities.  Auxins 
are  as.sociated  with  various  growth  functions  as  indicated  hi/  the  shaded 
juntions  of  the  diagram. 

[Atliiptcd  from  Bonner  and  Galston,  Principles  of  Platt!  Physioloatj,  Freeman,  San  Francisco, 
J952;  and  Leopold,  Auxins  and  Plant  Growth,  University  of  California  Press,  Berkeley,  1955.] 
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Fig.  4-6.  The  split  pea  test  meastires 
the  biological  activity  of  aaxiiis.  Sec¬ 
tions  of  stems  arc  split  with  a  razor 
blade  and  placed  in  the  solution  to  be 
tested.  The  amount  of  inward  curva- 
tnre  is  proportional  to  the  auxin  con¬ 
centration.  The  petri  dish  on  the  left 
contains  auxin;  the  dish  on  the  right  is 
the  control  and  shows  no  activity. 

[(Courtesy  Purdue  Univ.] 


Fig.  4-7.  Phototropism  results  from  the  redistribution  and  inhibition  of  auxin  in 
the  growing  point  btj  light.  The  subserpient  accumulation  of  auxin  on  the 
darkened  portion  elongates  cells  on  that  side  and  bends  the  seedling  toward 
the  light. 
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in  tlie  stem  and  root  apices,  from  wliere  it  moves  to  the  rest  of  the  plant. 
The  snl)se(|iient  distribution,  however,  is  not  uniform.  The  resultant  con¬ 
centration  of  au.xin  has  been  correlated  with  inhibition  and  stimulation  of 
growth  (Fig.  4-8),  as  well  as  organ  and  tissue  differentiation.  Such  processes 
as  cell  enlargement,  leaf  and  organ  abscission,  apical  dominance,  and  fruit 
set  and  growth  hav'e  been  shown  to  be  auxin  mediated.  These  will  be  dis¬ 
cussed  more  fully  in  subse(juent  chapters. 

The  precise  mechanism  for  complex  cell  differentiation,  as  from  elongated 
cell  to  sieve  tube,  is  not  clear.  However,  some  of  the  grosser  factors  in¬ 
fluencing  tissue  and  organ  differentiation  have  been  investigated.  It  can 
be  shown  that  many  of  these  changes  involve  the  interaction  of  “growth” 
substances  produced  from  differentiated  portions  of  the  organism.  In  some 
plants  these  growth  substances  have  been  isolated.  Thus,  the  artificial 
culture  of  roots  can  only  be  accomplished  if  enough  root  meristem  is  pro- 
\'ided  and  if  certain  substances  normally  provided  by  the  leaves  are  made 
axailable.  In  the  tomato,  these  growth  substances  have  been  shown  to  be 
thiamine  and  pyridoxine,  which  are  produced  in  the  leaves.  Similarlv,  the 
growth  and  development  of  fruit,  embryo,  and  bud  are  related  to  specific 
grow  th  substances  produced  by  the  plant.  The  role  of  auxin  is  intimately 


Fig.  4-8.  The  effect  of  auxin  concentration  on  the  growth 
of  roots,  buds,  and  stems. 

Action,  Freeman,  San 


[Adapted  from  Machlis  and  Torrev,  Plants 
Francisco,  1956;  after  Thimann.] 
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involved  in  many  of  these  systems,  and  it  lias  been  suggested  that  l.\A 
behaves  as  a  “master”  hormone,  affecting  differentiation  and  growth  in 
plants. 


E  N  \  I  R  O  N  M  E  N  T  A  L  FACTORS 
IN  PLANT  GROWTH 


horizon 


The  primarv'  env  ironmental  factors  involved  in  plant  growth  are  ( 1 )  radi¬ 
ant  energy  in  the  form  of  heat  and  light,  (2)  soil,  which  provides  nutrients 
and  moisture  in  addition  to  mechanical  support,  and  (3)  air,  which  pro¬ 
vides  both  carbon  dioxide  and  oxy¬ 
gen.  Soil  and  radiant  energy  varv' 
tjreatlv  over  the  surface  of  the 
earth.  Although  the  composition  of 
air  over  the  earth  is  fairly  uniform 
above  the  ground,  the  percentage 
of  air  in  the  soil  varies  greatly. 

Certain  areas  in  the  temperate 
and  tropical  regions  of  the  earth 
are  capable  of  supporting  luxuriant 
plant  growth.  In  these  favored  lo¬ 
cations  the  plant  becomes  adjusted 
to  its  environment  and  becomes  an 
integral  part  of  it.  W'hen  these 
plants  are  cultivated  the  delicate 
balance  of  nature  is  often  disturbed. 
.\nv  factor  of  the  plant’s  environ¬ 
ment  that  becomes  less  than  opti- 
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mum  will  limit  its  growth. 
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The  Soil 


Fig.  4-9.  A  soil  profile. 

[From  Bonm-r  and  Galslon,  Principles  of  Plant 
Phifsiolofiy,  Frf  email,  .San  P'rancisco,  1952;  after 
Lvon  anti  Bnckman.] 


So// — the  reservoir  of  nutrients 
and  moisture — and  the  plant  are  in 
intimate  as.sociation.  The  soil,  far 
more  than  an  inorganic  mass  of  de¬ 
bris,  is  a  biological  sy.stem  in  a  state  of  dynamic  etiuilibrium.  The  genesis  of 
soil  from  the  earth’s ^crust  begins  with  a  disintegration  proce.ss  whereby  the 
parental  rock  beconu'S  finely  subdivided.  Leaching  and  the  subse(|uent 
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action  of  leached  materials  on  the  original  mineral  substances  form  entirely 
new  substances.  It  is  the  biological  action  of  plant  and  microorganism, 
howev'cr,  that  transforms  the  subdivided  minerals  to  the  complex  known  as 
soil. 

Soil  genesis  is  a  continuing  process.  It  can  be  seen  from  a  vertical  slice 
through  shallow  soil,  where  bedrock  is  just  slightly  beneath  the  soil  surface. 
The  three  rather  distinct  gradations  from  bedrock  to  “topsoil”  are  referred 
to  as  horizons  (Fig.  4-9).  The  morphologv  of  these  horizons  makes  it  pos¬ 
sible  to  classify  soil  into  t\'pes,  in  order  that  its  structure  and  potential 
fertilit\'  mav  bt*  predicted. 


The  Fiiysical  Properties  of  Soil 

OHCAMC  MATTER.  A  fertile  soil  is  literallv  alive.  Although  the  insects  and 
earthworms  are  the  most  obvious  of  the  soil  fauna,  the  largest  bulk  of  the 
organisms  in  terms  of  weight  are  microorganisms,  bacteria  and  fungi  ( Fig. 
4-10),  which  must  be  considered  as  the  primary  feeders  of  the  soil.  The 
organic  matter  of  the  soil  is  derived  not  onlv  from  the  decomposed  plant 
and  animal  tissue  but  from  the  microorganisms  themseh'es. 


F'ig.  4-10.  The  weight  o/ 
soil  organisms  per  acre-foot  of 
fertile  ap^ricnltural  land  is 
ecpiiuilent  to  20—30  market¬ 
able  (200  Ih)  hogs.  This  is 
about  of  the  weight  of 

an  acre-foot  of  soil.  The 
microorganisms  of  the  soil  are 
the  primanj  feeders  and  get 
fust  call  oil  iiutrieiits;  the 
plant  gets  what  is  left  ok  r. 

I  Data  of  AlU-n,  /■..v/icri/nrn/.v  in  Soil 
Hii<lirioh>iiti,  MiniU'apolis, 

1957.] 
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Tlie  decomposition  of  plant  and  animal  material  is  accomplished  by 
enzymatic  digestion  carried  out  hv  soil  microorganisms.  The  decomposition 
of  simple  carbohydrates  (starches  and  sugars)  is  a  fairly  rapid  process  and 
results  in  the  release  of  carbon  dioxide  in  the  soil.  Water-soluble  proteins 
are  decomposed  readily  to  amino  acids  and  then  to  ayailable  ammonium 
compounds.  Ammonium  compounds,  under  the  action  of  certain  “nitrifying” 
bacteria,  are  transformed  to  nitrates,  in  which  form  they  are  again  available 
to  plants.  The  decomposition  of  organic  materials,  howeyer,  is  not  complete. 
Certain  substances,  such  as  lignins,  waxes,  fats,  and  some  proteinaceous  ma¬ 
terials  resist  decomposition,  but,  through  complex  biochemical  processes, 
form  a  dark  noncrystalline,  colloidal  substance  called  liinnus.  flumus  has 
absorptiye  properties  for  nutrients  and  moisture  that  are  eyen  higher  than 
those  of  clay.  Yet,  unlike  clay,  it  has  extremely  low  plasticity  and  cohesiye 
properties.  Thus,  small  amounts  of  humus  greatly  affect  the  structural  and 
nutritiye  properties  of  soil. 


SOIL  TYPES.  There  are  tvv'O  basic  types  of  soil — mineral  and  organic.  Min¬ 
eral  soils  are  composed  of  inorganic  substances  and  yarying  amounts  of 
decaying  organic  matter  (from  a  trace  to  20%).  Organic  soils  (for  example, 
muck  and  peat)  are  formed  from  partly  decayed  plant  materials  under 
marshy  or  sw'ampy  conditions.  When  such  soils  contain  oyer  65%  oiganic 
matter,  they  are  referred  to  as  peat;  those  containing  20—65%  oiganic  mattei 
are  called  muck.  Organic  soils  are  dark  brovyn  to  nearly  black  in  coloi. 
These  soils  cannot  be  cultiyated  unless  they  are  drained  and  soil  fertility 
problems  are  corrected.  Properly  managed  organic  soils  are  highly  produc- 
tiye  (Fig.  4-11).  These  soils  are  porous,  are  well  aerated,  and  haye  a  high 

\yater-absorption  capacitv’. 

The  mineral  substances  of  the  soil  consist  of  particles  of  different  size; 
in  decreasing  order,  these  are  stone,  grayel,  sand,  silt,  and  clay.  The  pro¬ 
portion  of  these  substances  determines  the  soil  texture  (Fig.  4-12).  Such 
names  as  clay,  loam,  or  silty  clay  are  textural  classifications  of  soils. 

Although  the  physical  properties  of  the  coarser  materials  do  not  differ 
<rreatly  from  those  of  the  rocks  from  which  they  are  derived,  materials 
composed  of  particles  of  submicroscopic  size,  known  as  clays,  show  distinct 
idivsical  properties.  The  clays,  the  most  chemically  and  physically  active 
portion  of  the  soil,  are  of  colloidal  size  and  are  crystalline  m  structunv 
Thev  are  formed  from  the  parent  minerals  by  a  crystallization  process  and 
are  not  merely  finely  subdivided  rock.  The  clay  particles  are  made  up  of 
“flakes”  or  slieet-like  units,  held  together  by  O-H  linkages  or  by  ions 
between  the  plates.  Their  significant  structural  characteristic  is  their  tu*- 
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IS. 


nicndous  snilace  aroa  lelatixe  to  tlioir  solunie.  The  clav  particle  canics  a 
ncga„vc  charge.  Tla.s,  cla>  particle,  arc  ch-ctricallv  actirc,  attractiog  posi- 
t'vcK  charge, I  ions  ill  ,  Na  ,  Ca  ■  ■ ,  Mg  ’  ,  an.l  others),  it!  a.I- 
■S  nh..<  water  „„  class  acts  holh  as  a  Inhricant  and  as  a  hinding  lor.-c  The 
das  platel.-ts  act  in  this  r.-gard  as  a  stack  of  w  et  poker  chips.  This,  to  a  lam. 
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Figure  4-12.  Soil  texture  triangle.  To  find  the  textural  name  of 
a  soil,  locate  the  points  corresponding  to  the  percentage  of 
claij  and  silt  on  each  side  of  the  triangle.  The  silt  line  is  pro¬ 
jected  inicard  parallel  to  the  clay  side;  the  clay  line  is  projected 
inicard  ))arallel  to  the  sand  side.  The  lines  icill  meet  in  the  class 
name  of  the  soil. 

[Adapted  with  permission  of  the  publisher  from  The  Sotiire  ami  Properticx  of 
Soils  hy  Lyon,  Bnckman,  and  Brady,  5th  ed..  copyright  1952  hy  the  Macmillan 
flompany.] 


decree,  explains  the  plasticity  of  clay.  \\  et  clay  soils  low  in  organic  inattei 
and  low  in  weaklv  hvdrated  cations,  such  as  calcium,  become  sticky  oi 
puddled. 


SOIL  STRUCTURE.  The  structure  of  soil  refers  to  the  arrangement  of  the 
soil  particles  into  aggregates.  The  factors  determining  good  structure  are 
the  size  and  arrangement  into  granules  of  the  soil  particles.  Soil  granules  are 
masses  of  mineral  particles  of  \arious  sizes  interspersed  with  organic  mate¬ 
rial  or  some  cementing  compound.  Granulation  is  largel\’  brought  about  In 
the  aggregation  of  soil  particles  by  exudates  of  microorganisms.  In  addition, 
cMivironmental  factors  such  as  freezing  and  thawing  or  wetting  and  diving 
help  break  up  larger  aggregates  into  granular  size.  The  granulation  of  soils 
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is  particularly  important  to  proper  plant  growth  because  of  the  effect  on 
interstitial  spaces,  known  as  pores. 

1'he  pore  space  of  soil  is  occupied  by  water  and  air  in  varying  propor¬ 
tions,  the  soil  acting  as  a  huge  sponge.  The  total  pore  space  of  soil,  about 
5()%  of  the  total  volume,  is  not  as  important  as  the  characteristic  size  of  the 
pore  spaces.  Clay  soils  have  more  total  pore  space  than  sandy  soils,  yet  their 
small  size  allow’s  only  slow-  gas  and  water  movement.  When  the  small  pores 
of  clay  soils  become  filled  with  water,  the  lack  of  aeration  so  essential  to 
root  growth  becomes  limiting.  The  larger  pore  spaces  of  soils,  when  filled 
with  water,  will  soon  drain  out  by  gra\'ity,  w3iereas  the  small  pore  spaces 
hold  the  water  by  capillary  action.  This  capillanj  w'ater  is  of  the  utmost 
importance  to  the  plant;  it  is  the  soil  solution. 

The  main  factors  contributed  by  good  soil  structure  are  proper  aeration 
and  water-holding  capacity.  The  crumbly  nature  of  good  agricultural  soils 
depends  directly  on  soil  texture  and  the  percentage  of  organic  matter.  Under 
field  conditions  only  organic  matter  is  amenable  to  variation.  In  potting  soils 
both  the  texture  and  percentage  of  organic  matter  mav  be  modified. 


The  Chemical  Properties  of  Soil 

CATION  EXCHANGE.  As  regards  plant  nutrition,  the  most  significant  fea¬ 
tures  of  the  colloidal  particles,  clay  and  humus,  are  their  ability  to  attract 
cations  and  to  undergo  the  subsecpient  exchange  of  one  ion  for  another— a 
process  known  as  cation  exchange.  Thus,  nutrients  that  otherwise  would  be 
lost  by  leaching  are  held  in  reserxe  by  the  clay  particles.  When  exchancred, 
these  ions  become  available  to  the  plant.  ^ 

The  process  of  base  exchange  is  not  a  random  process.  The  cations  differ 
in  their  replacement  process  such  that  if  present  in  eipud  amounts: 

lU  replaces  ('a+  ^  replaces  :\lfT++  rejilaces  K+  replaces  Xa^. 

The  addition  of  large  amounts  of  one  cation  mav  replace  another  bv  “sheer 

force  of  number”  (  nu.ss  action).  This  is  largely  what  occurs  with  the  addi¬ 
tion  of  inorganic  fertilizer. 

Hycl,„g™  urns  are  ,na<Ie  continually  available  by  the  (li,s,sociati,.n  of  car- 
b,)n,c  act  t.nnet  Iron,  tl.e  tlissoKotl  CO,  releasetl  bv  living  roots  in  ros|Vi- 
lation  ami  trorn  the  biological  tlecay  of  carbobv  tlrates. 

+  II, ()  II, (Os  II  4-  iK'o  - 

tben  ata,  able  lor  plant  grovvtb,  Tlie  cations  are  replenisbetl  bv  tbe  tlecono 
ion  o  ,oc  s.  tlie  tlegratlation  of  organic  materials,  and  artificial  applica- 
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tion  of  “fertilizers.”  Tlie  eations  in  a  productive  soil  exhibit  an  ecjnilihria 
between  soil  particle,  soil  solution,  and  the  plant. 

The  cation-exchange  caj)aciti/  of  a  soil  is  expressed  in  milliecpiivalents 
(me([)  per  100  grams  and  is  ecpiivalent  to  the  milligrams  of  11*^  that  will 
combine  with  100  g  of  dry  soil.  The  exchange  capacity  of  soil  differs  with 
the  percentage  of  humus  and  with  the  percentage  and  composition  of  clay. 
The  elavs  differ  markedly  in  their  ability  to  exchange  cations.  Montmorillo- 
nite  clays  have  an  exchange  capacity  of  about  100  me({/100  g,  whereas  the 
kaolinite  clays  have  a  low  exchange  capacity  of  about  10  mecj/100  g.  In 
contrast,  the  exchange  capacity  of  humus  ranges  from  150-300  meq/100  g. 
The  ranges  of  exchange  capacity  for  various  soils  is  presented  in  Table  4-2. 


Table  4-2.  Cation  exchange  capacity  ranges  for  various  soil  types. 

[Adapted  from  Lvon,  Buckman,  and  Brady,  Nature  and  Properties  of  Soils,  Macmillan,  New  York. 
1952.] 


SOIL  TYPE 

CATION  EXCHANGE  CAPACITY 
(  M  I  ELI  E(i  ri  V  A  cents/  1  OOo  ) 

Sands 

4-4 

Sandy  loams 

4-17 

I  -oains 

7-l(i 

Silt  loams 

!)-:{(» 

(  lay  and  clay  loams 

4  (id 

Orjianic  soils 

.M »-:{()() 

SOIL  REACTION.  SoiJ  reaction  refers  to  the  acidity  or  alkalinity  of  the  soil. 
It  i.s  expressed  in  terms  (if  ;ill,  the  Idgarithm  of  the  reeiprcical  (if  tlie  hydrn- 
gen  inn  coneentratidn,  and  is  nsnally  expressed  in  units  from  0  to  Id. 

,  1 

/41  =  loJ^ 

Talile  4-.3  gives  tlie  coneentratidn  in  moles  of  if  ‘  and  Off"  for  ;ill  \  aliies 
of  (I  to  id  Note  tliat  tlie  molar  concentration  of  1 1*  X  the  molar  concentra¬ 
tion  of  OH-  e(|nals  a  constant  of  Id-".  The  pH  of  the  soil  is  regulated  by 
the  extent  of  the  colloid  fraction  charged  xvith  hydrogen  ions.  I'or  example, 
a  clav  particle  charged  xvith  ahnndant  H  acts  as  a  weak  acid  and  imparts 
an  acid  reaction  or  loxx  ;iH.  Similarly,  a  clay  particle  charged  with  inmer..l 

cations  imparts  an  alkaline  reaction,  or  high  ;il I  ( I'lg.  d-1.3). 

The  proper  soil  /ill  (fi-T)  is  vitally  important  in  plant  groxxth.  Abnor- 
mallv  hi.gh  soil  ;iH  (above  9)  or  low  ;>ll  (lielow  d)  are,  in  themselves,  toxic 
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Table  4-3.  The  concentration  of  II  and  OII~  xcith  vanjinp^  p//. 
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SOIL  HEACTIOX 
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*  1  mole  of  II  =  1  g 
t  1  mole  of  OH  =  17  g 

to  plant  roots.  Witliin  tliis  range  tlie  /)II  determines  tlie  lx'ha\  ior  of  certain 
nutrients,  precipitating  them  or  making  tliem  imavailalde  (Fig.  4-14).  For 
example,  tlie  chlorotic  condition  (chlorosis)  found  in  some  plants  grown  in 
high  pH  IS  a  result  of  iron  deficiency  resulting  from  the  precipitation  of 
iion  compounds.  Soil  organisms,  especially  bacteria,  are  also  affected  by  pH. 
\  igorous  nitrification  and  nitrogen  fixation  retpiire  pll  above  .5..5. 

Soil  Fertility 

The  fertility  of  the  soil  is  only  indirectly  related  to  the  chemical  composi¬ 
tion  of  the  primary  inorganic  minerals.  The  most  important  factor  is  the 
level  of  the  forms  of  the  nutrients  available  to  the  plant.  Such  levels  are 
related  to  many  factors,  among  which  are  solubility  of  the  nutrients,  soil 

p  ,  the  cation-exchange  capacity  of  the  soil,  soil  texture,  and  the  amoimt  of 
organic  matter  present. 

tends  to  l,e  the  most  limiting  ole.nent  to  plant  grovetlt.  The  main 
uva.Iahle  forms  of  nitrog,.,,  in  tite  soil  are  nitrate  (X<):,-)  an, I  ammonium 
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Clay  part-icic  charge-d 
wi-th  ions 


Ionizes  weakly 
in  solu-tion 


H-OH 


Water 


Na'*’  +  OH 


Cl  ay  part-lcic 
charged  with 
Na"*"  ions 


Hydrolysis  in  water  with 
t?he  -formation  o-f  a  weakly 
alkaline  solu.tion 


Fig.  4-13.  The  soil  reaction  depends  on  whether  the  clay  particles  are  charged 
with  hydrogen  ions  or  mineral  cations. 

[From  Bonner  and  Galston,  Principles  of  Plant  Physiolony,  Freeman,  San  Francisco,  1952.] 


(NH4+  )  ions.  The  nitrite  ion  (NO-.-)  can  be  utilized  by  the  plant,  but  it 
tends  to  be  unstable  and  to.xic  in  high  amounts.  The  transformation  of 
nitrogen-containing  compounds  to  available  forms  is  referred  to  as  the  ni¬ 
trogen  cycle.”  This  circuitous  route  of  nitrogen  from  element  to  protein  and 
back  is  largely  biological,  as  shown  in  Fig.  4-15. 


Fig.  4-14.  The  relation  between  soil  reaction  and  the  availability  of  plant  nu¬ 


trients  to  crops. 


[Courtesy  of  Virginia  Polytechnic  Inst.] 
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fig.  4-15  Tiic  nitrogen  cycle.  Nitrogen  removal  by  crops  mu.st  be  compensated 
for  by  nitrogen  addition. 


[Aiiaptid  from  Boimer  and  Galston,  Princiiiles  of  Plant  Pht/siolofiii,  Freeman  San 
1952.] 


Francisco, 


The  transformation  of  atmosplieric  nitrogen  into  forms  available  to  plants, 
nitrogen  fixation,  is  aceomplished  by  eertain  speeies  of  bacteria  (Table  4-4). 
1  he  most  efficient  of  these  bacteria  are  symbiotic;  that  is,  they  convert  at¬ 
mospheric  nitrogen  to  combined  forms  only  in  association  with  the  roots  of 
legumes.  The  breakdown  of  the  complex  proteins  of  organic  material  into 
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Fahle  4-4.  X itro^cn-fixino  bacteria. 
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aniiiK)  acids  is  also  accomplisliecl  largely  by  bacterial  action.  But  the  nitro¬ 
gen  from  this  process  is  only  a\'ailable  after  the  death  and  disintegration  of 
the  bacteria  in\  olved  in  this  decaying  process.  Soil  organisms  have  the  first 
call  on  nutrients.  This  is  especially  true  for  material  with  a  carbon  to  nitro¬ 
gen  ratio  by  weight  greater  than  10:1.  The  breakdown  of  amino  acids  to 
forms  of  nitrogen  ax  ailable  to  plants  takes  place  by  transformations  referred 
to  as  aninionification  and  nitrification. 


AMMONIFICATION 


Amino  Acids 


from  protein  degredation  (many  bacteria 


(Ammonium  ion) 


MI4 


y  itro.sococca.'i 
y  itro.soinona.s 


NITRIFICATION 

(nitrite  ioiy 


X():r  (nitrate  ion! 


y  it  rohacter 


The  bacteria  involved  in  nitrification  are  autotrophic  and  aerobic;  that  is, 
they  do  not  rerpiire  organic  nutrition,  but  they  do  re({uire  oxygen,  dims,  they 
are  greatly  affected  by  soil  aeration,  temperature,  and  moisture. 

The  removal  of  nitrogen  from  the  soil  is  partly  biological.  In  addition  to 
its  removal  bv  plants  (which  is  permanent  when  a  crop  is  harvested),  cer¬ 
tain  bacteria  convert  nitrates  back  to  atmospheric  nitrogen.  This  process  of 
denitrification  is  an  anaerobic  process.  Thus,  loss  of  proper  aeiation  lesults 
in  the  loss  of  available  nitrogen!  Furthermore,  nitrates  are  readily  soluble  m 
water  and,  if  they  are  not  utilized  by  microorganisms  or  higher  plants,  are 
lost  by  leaching.  In  summary,  the  level  of  available  nitrogen  is  dependent 
upon  the  content  of  organic  matter  and  the  microbiological  acti\ity  of  the 
soil.  C:onse(|uently  the  amount  of  nitrogen  available  is  related  to  cropping 
practice.  The  available  soil  nitrogen  is,  of  course,  greatly  affected  by  the 
application  of  fertilizer,  (h.ickly  axailable  forms  of  inorganic  nitrogi'ii  prob- 
ablv  account  for  most  of  the  nitrogen  in  intensively  cropped  soils  today. 
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Phosphorus,  unlike  nitrogen,  is  relativelv^  stable  in  the  soil  (Fig.  4-16). 
Plios})liorns  is  “tied  up”  or  fixed  in  compounds  associated  with  calciinn,  niag- 
nesiuin,  iron,  or  aluminum.  The  availabilitx'  of  phosphorus  to  the  plant  is 
low  and  is  primarilv  related  to  /dl. 

At  very  low  pH  (2-5),  applied 
j^hosphorous  is  precipitat(*d  out  of 
the  soil  solution  as  compltxx  alu¬ 
minum  and  iron  compounds.  At 
high  pfl  (7-10)  phosphorus  be¬ 
comes  fixed  in  complex  calcium 
compounds.  At  pU  5-7  it  is  in  the 
form  of  mono-  or  dicalcium  phos¬ 
phates  and  is  most  axailable  for 
plant  use.  The  concentration  of 
phosphorus  in  the  soil  solution  at 
best  is  low.  In  fertile  agricultural 
soils  only  1-1  part  per  million  of 
phosphorus  is  in  solution  as  com¬ 
pared  to  25  parts  per  million  of 
nitrogen,  llowexer,  the  movement 
of  phosphorus  in  the  soil  is  low, 
and  leaching  is  slight. 

Potassium  is  available  largely  as 
exchangeable  ions  on  the  soil  col¬ 
loid.  Although  potassium  is  high 
in  mineral  soils  the  low  solubility  of 
the  primary  mineral  results  in  low' 
a\ailabdit\'  from  theis  source.  There  is,  howe\er,  a  continual  renewal  from 
the  primary  mineral  to  exclumgeable  form.  Potassium  tends  to  be  low  in 
organic  soil.  The  leaching  of  potassium  N  aries  greatly,  depending  upon  the 
type  of  clay  and  the  amount  of  organic  matter  in  the  soil. 

Calcium  is  seldom  deficient  as  a  nutrient.  Howexer,  its  manx’  effects  on 

soil  microbial  activity,  pH  and  the  subseiiuent  absorption  of  other  ions 

make  It  a  common  soil  amendment.  It  is  present  in  the  soil  both  in  xvater- 

soluble  form  as  an  exchangeable  cation  and  in  combination  with  organic 
compounds. 

like  calciun,,  is  absclK.l  as  an  inn.  It  neenrs  in  tl.e  snil  snln- 
ton  n,  soinhie  lor.n  and  as  an  e.vcitangeahle  catinn.  lake  calcitnn,  it  is  sntne- 
times  deficient  in  acid,  sandy  soils  in  Innnid  regions. 

Sn//nr  is  not  present  in  large  amounts  in  tlie  soil.  It  is  continnallv  leaci.ed 

»  ? 


Fig.  4-16.  The  relative  mohilitij  of  nitro¬ 
gen,  phosphorus,  and  potassium  in  tin 
soil.  The  high  movement  of  nitrogen  is 
due  to  the  complete  soluhiliti/  of  nitrates 
in  the  .soil.  The  movement  of  phosphorus 
is  regulated  Inj  the  low  soluhilitt/  of  the 
phosphorus  eompounds  formed.  Although 
the  pota.s.sium  eompounds  in  the  .soil  are 
soluble,  the  movement  of  potassium  is 
eontrolled  Inj  its  e.xehange  properties  with 
the  eolloidai  fraetion. 


no 


Plant  Clroicth  [(]liap.  4] 


l)ut  tlicrt'  appears  to  he*  a  continuous  turnover  in  the  soil.  It  is  ackh'd  hy 
raiulall  U(*ar  industrial  re’gions,  where  rain  ahsorhs  snllnr  dioxide  Iroin  the 
air.  The  chief  source,  however,  lies  in  organie  inatc'iial,  thus  deficiencies 
occur  in  soils  that  are  either  low  in  organic  matter  or  removed  from  indus¬ 
trial  areas,  .\ctual  sulfur  deficiencies  in  horticultural  crops  are  rare  under 
present  practices.  Sulfur  is  ccmimonlv  added  in  association  with  such  com- 
pouiuls  as  superphosphate. 

Man<’ancsc  is  axailahle  in  the  soil  in  ionie  form,  llowexer,  in  alkaline 
soils  hi<ih  in  orminic  matter  and  under  aerobic  conditions,  manganese  is 
oxidized  from  the  manganous  to  the  manganic  form  (MnO  — Mn()_.;  that 
is,  from  Mn  "  to  Mn'+  ),  rendering  it  unavailable.  On  the  other  hand,  soil 
acidity,  low  content  of  organic  matter,  and  anaerobic  conditions  may  resvdt 
in  manganese  toxicity. 

Boron,  zinc,  copper,  and  molybdenum  are  definitely  trace  elements,  since 
thev  are  re([uired  bv  the  plant  only  in  minute  amounts.  In  areas  under  in- 
tensixe  production,  deficiencies  are  not  common  or  extensive. 


Moisture 

\\4iter  is  a  constituent  of  all  cells,  the  amount  varying  with  the  tissue 
inxoKed.  It  may  be  as  low  as  in  shelled  peanut  seed,  40^  in  dormant 
wood,  and  up  to  95^  in  succulent  fruits,  such  as  the  watermelon.  W’ater  is 
the  soK  ent  svstem  of  the  cell  and  provides  a  medium  for  transfer  within  the 
plant.  It  maintains  the  turgor  necessary  for  the  intricacies  of  transpiration 
and  plant  growth.  In  addition,  water  is  itself  reijuired  as  a  nutrient  for  the 
production  of  new  compounds.  One  third  of  the  weight  of  carbohydrates 
and  proteins  is  derix  ed  from  chemically  combined  xvater. 

The  xvater  in  a  plant  is  in  a  continual  state  of  Hux.  A  net  loss  of  xvatei 
causes  groxx  th  to  stop,  and  a  continued  xvater  deficiency  causes  irreversdde 
alterations  of  the  plant  that  result  in  death.  This  may  occur  cpiite  rapic  y 
under  hot,  dr>-  conditions  in  plants  that  are  not  structurally  adapted  to  pre- 

xent  xvater  loss. 

The  liiirli  percentage  of  water  in  plants  anti  its  capacity  as  a  nutrient  car¬ 
rier  anti  Milvent  tin  not  explain  the  Ihgh  rate  of  n  ater  utilization  In'  plants. 
The  water  retniirements  of  plants,  expressed  as  the  nuinher  of  units  of  watei 
ahsorhetf  per  unit  of  tirv  matter  produced,  caries  from  about  .50 
t„  0.500  in  leafv  vegetables!  Most  crop  plants  range  from  .3tK)  to  1000.  W  In  e 
griming,  the  plant  continuoiislv  absorbs  scater  from  the  soil  and  gives  ,t 
in  transpiration.  This  loss  of  water  is  a  by-product  of  carbon  hxation 
Cairbtiii  dioxiile,  which  provides  the  carbon  necessary  for  growtb,  ent.is 
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the  plant  tlirough  tlie  water  films  surrouncling  the  spongy  mesophyll  of  the 
leaf.  As  this  film  exaporates,  it  is  replenished  from  the  tissues  of  the  plant, 
which  in  turn  draw  water  from  the  N’ascnlar  system. 

The  transpirational  loss  of  water  hy  the  plant  can  be  considered  as  an 
exchange  for  carbon,  and  in  this  sense  transpiration  is  necessary  for  plant 
growth.  Rapidly  growing  plants  thus  recjuire  great  amounts  of  water,  greatly 
in  excess  of  the  amount  found  in  the  plant  itself.  The  rate  of  water  loss 
depends  largely  on  tlie  temperature,  relative  humidity,  and  air  movement. 
Radiation  from  the  sun  pro\  ides  the  energy  re(juired  to  change  the  state  of 
the  w’ater  from  film  to  \'apor.  This  “boiling  off  '  of  w'ater  is  responsible  for 
the  dissipation  of  a  large  part  of  the  total  energy  received  by  the  plant  from 
the  sun. 

Soil  Moisture 

The  amount  of  soil  moisture  that  is  of  benefit  to  plants  has  definite  limits. 
Too  much  water  may  be  as  troublesome  as  not  enough.  The  e.xcess  w^ater 
is  not  in  itself  toxic,  but  rather  it  is  the  lack  of  aeration  in  w  aterlogged  soils 
that  causes  damage.  Plants  can  be  grown  satisfactorily  in  water  solutions 
when  aeration  is  provided  (Fig.  4-17). 

The  amount  of  w^ater  in  a  soil  may  be  expressed  in  a  number  of  wavs. 
The  expression  of  soil  moisture  in  inches  of  water  per  foot  of  soil  is  useful 
for  some  purposes  ( 1  acre-in.  is  e(jui\alent  to  approximately  27,000  gallons). 
Expressing  soil  moisture  in  terms  of  the  /ic/d  capacity  of  a  soil  takes  into 
account  the  physical  condition  of  the  soil  and  has  meat  agricultural  simiifi- 
cance.  The  field  capacity  of  a  soil  is  the  maximum  amount  of  moisture  that 


fig.  4-17.  Effect  of  aeration  on  asparagus  plants  grown  in  a  nutrient  solution 
cotitaiuing  all  the  ess(  utial  elemoits. 

[Adapted  troni  lIoaKland  and  Anion,  Circular  347,  California  As;r.  Exp.  Sta.,  19.50.] 
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is  retained  alter  siirlace  water  is  drained  and  alter  the  water  that  passes  out 
ol  the  soil  by  gravity  (tree  water)  is  reinov'ed. 

The  water  content  ol  soils  can  also  be  expressed  in  terms  ol  availability 
to  the  plant.  The  moisture  content  under  which  irreversible  wilting  occurs 
is  known  as  the  permanent  wilting  point.  The  percentage  ol  water  present 
depends  upon  the  soil  but  is  relatively  independent  ol  the  test  plant.  The 
moisture  lelt  in  the  soil,  but  which  is  unavailable  to  the  plant,  is  know  n  as 
hifgroscopie  water  and  chemicaUi/  eombined  water.  The  hygroscopic  w'ater 
is  held  tenaciously  by  the  soil  in  “atomically  ’  thin  films.  The  amount  ol  hv- 
groscopic  W'ater  varies  with  the  amount  ol  interlaces  present  and  is  there- 
lore  highest  in  clay  and  organic  soils. 

The  total  amount  ol  soil  moisture  present  is  not  as  important  as  its  avail¬ 
ability.  The  available  moisture  is  the  level  present  betw'een  the  permanent 
wilting  point  and  the  field  capacity.  This  water  is  olten  relerred  to  as  capil- 
larij  water.  It  is  retained  in  the  smaller  soil  pores,  wTere  the  capillary  lorces 
prevent  w'ater  drainage,  and  as  films  around  the  soil  particles  (Fig.  4-18). 

Fig.  4- IS.  The  classes  of  soil  moisture.  All  the  capillary 
water  is  not  ecptally  available  to  plants.  As  the  capillanj 
water  is  (le})letecl,  the  tension  by  which  this  water  is  held 
//I  the  .soil  increases  from  1  atmo.sphere  of  pressure  at  field 
capacity  to  about  15  atmospheres  at  the  permanent  wilt¬ 
ing  point.  The  amount  of  capillary  water  present  increases 
with  the  finene.ss  of  the  .soil  pore  .space. 


[Adiiptfd  from  Bonner  and  Galston,  Principles  of  Plant  Physiolofiy,  Free- 
ni.in,  San  F'rancisco,  1952.] 
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Soils  differ  in  their  ability  to  hold  moistnre;  tliis  ability  depends  upon  their 
texture  (Table  4-5).  Although  sandy  soils  afford  better  drainage  and  aera- 

I  able  4  (icncral  ran^c  of  available  moisture-holding  caj)acities  for  normal  soil 
conditions. 

[From  Shockley,  in  Sprinkler  Irriunlion  Matnuil,  Wrijiht  Hain,  lOnuwood,  England,  1956.] 
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Moderately  eoarse-textured  sand_\'  loams  and  tine 

sand 

l.v 

().7-l.() 

(».« 

loams 

1.2 

M(“dium-texlnred  very  fine  .sand\-  loams,  loam. 

.sand 

l.v 

clay  loams,  and  silt  loams 

1  ..5-^2.;} 

1.1) 
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2.0 

tion,  they  haye  a  loxyer  water-holding  capacity  than  clay  soils.  The  total 
amount  of  capillaiy  xv'ater  can  be  increased  in  sandy  soils  by  increasing  its 
content  of  organic  matter.  The  total  amount  ax'ailable  to  a  crop  will  depend 
on  many  factors,  among  w'hich  are  the  type  and  depth  of  soil,  the  depth  of 
rooting  of  the  crop,  the  rate  of  \\'atcr  loss  by  evaporation  and  transpiration, 
temperature,  and  the  rate  at  which  supplemental  waiter  is  added.  In  addi¬ 
tion,  the  leyel  of  ayailable  vyater  itself  is  a  factor.  The  less  the  w  ater  in  a 
soil,  the  greater  is  the  tenacity  with  which  the  water  is  held.  This  tenacity 
is  measured  in  atmospheres  of  pressure  reipiired  to  drive  oS  the  water.  At 
field  capacitv,  water  is  held  w  ith  a  force  of  one  atmosphere.  .\t  the  perma¬ 
nent  wilting  point  water  is  held  with  a  force  of  about  15  atmospheres. 

The  rate  of  water  extraction  of  soil  is  a  function  of  root  concentration, 
and  therefore  decreases  with  the  depth  of  the  root  zone.  About  40^?  of  the 
total  vyater  is  extracted  from  the  upper  (piarter  of  the  root  zone,  Sf/i  from 
the  second  (juarter,  20%  from  the  third  (piarter,  and  10%  from  the  bottom 
(piarter.  Under  maximum  transpiration  sufficient  water  for  maximum  grow  th 
cannot  be  obtained  when  the  upper  (piarter  of  the  root  zone  is  depleted. 

atcr  Movement 

Tl„.  tl„„„gl,  a  soil  is  rolatosl  to  tl,o  a.ooont  prosoot 

..to,  appl.otl  to  a  soil  niovos  tlooogli  tito  soil  only  as  fast  as  fiokl  oapaoits- 
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is  attained  (Fig.  4-19).  The  rate  of  water  movement  depends  to  a  great 
extent  on  soil  texture.  Beeause  tlie  pore  size  is  .smaller  and  more  tortuous, 

water  most's  mueh  slower  through 
heavy  elay  soils  than  through  loamy 
or  sandy  .soils. 

The  movement  of  water  up 
through  the  soil  takes  plaee  hy 
eapillary  action.  Since  this  is  a  sur¬ 
face-tension  phenomena,  the  height 
that  the  water  will  reach  is  in¬ 
versely  related  to  the  diameter  of 
the  tube.  Thus,  the  finer  the  .soil 
spaces,  the  greater  the  distance  of 
capillary  movement.  The  upward 
rise  of  capillary  water  from  the 
water  table  (the  depth  at  which  all  the  soil  is  at  field  capacity)  is  a 
factor  in  the  replenishment  of  water  lost  to  the  plant  and  evaporated  from 
the  soil.  This  evaporative  loss  of  water  is  restricted  to  the  upper  portion 
of  the  soil,  since  it  takes  more  and  more  pressure  to  pull  the  water,  de¬ 
pending  on  the  height  of  the  water  column.  During  a  period  of  extended 
drought,  it  becomes  easy  to  recognize  the  shallow-rooted  plants. 


Fi{;.  4-19.  The  rate  of  movement  of 
water  added  to  the  soil  is  related  to  the 
speed  at  which  field  capacity  is  attained. 


Radiant  Enerfi^ij 

The  sun  is  the  primary  source  of  energy  available  to  the  earth  and  its 
atmosphere.  This  energy  is  transferred  across  93  million  miles  of  space  m 
the  form  of  radiation.  Solar  radiation  reaches  the  earth  m  the  form  of  elec¬ 
tromagnetic  waves  travelling  at  the  speed  of  186,000  miles/sec.  The  energy 
is  desaibed  in  terms  of  its  wavelength  just  as  .sound  is  described  m  terin.s 
of  its  pitch.  The  radiant  energy  occurring  as  x'isiblc  light  is  but  a  sma 
fraction  of  the  fre(piency  range  of  the  electromagnetic  spectrum  (Fig.  4-i0). 

The  amount  and  (pialitv  of  the  solar  energy  that  any  portion  of  the  earth  s 
surface  receives  is  dependent  upon  its  duration  and  intensity.  The  sea.sonal 
difference  in  duration  of  the  intercepted  radiation  is  a  conscpience  of  the 
variation  in  day  length  and  cloud  cover.  The  intensity  of  the  intercepted 
radiation  is  related  to  the  angle  at  which  the  solar  ray.s  penetrate  the  eai  i  s 
atmo.sphere.  The  water  vapor,  and  to  a  smaller  extent  the  air  mid  dust  o  ^ 
■itmos  diere  diffuse,  reflect,  and  absorb  this  radiant  energy.  The  damaging 
(udiation tu.  .si,.,,-.  w.voio„gti,  <....1  ,■*  ui,s,.w<i  i.y 
layer.  Because  the  earth  is  .spherical  the  rays  of  the  sun  fa  mg  on  r  p( 
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are  ohlifjue  as  compared  to  tliose  falling  on  the  e(juator.  These  raws  aie 
spread  over  a  larger  surface  of  the  earth  and  pass  through  a  thicker  layer  of 
atmosphere.  When  the  sun  is  directly  over  the  e(juator  its  rays  must  pene¬ 
trate  an  air  mass  at  the  poles  ecjuivalent  to  45  air  masses  at  the  erpiator. 

.Absorption  of  Solar  Hadiation 

The  (juantitv  and  ({ualitv  of  radiation  depend  on  the  temperature  of  the 
radiating  hodv^  The  higher  the  temperature,  the  greater  the  rate  of  radia¬ 
tion  and  the  richer  the  proportion  of  short  wavelength  (high  frequency) 
radiations.  Thus,  the  high-temperature  solar  radiation  consists  mostly  of 
shortwave  radiation  in  the  visible  or  near  visible  frecjuency.  This  shortwaxe 
solar  energv  is  absorbed  at  the  earth’s  surface,  where  it  is  transformed  into 
heat.  The  earth  then  becomes  a  radiating  body  at  a  lower  temperature 
(average,  57°F).  The  earth’s  radiation  is  in  the  form  of  long  waves  (low 
fre(juency )  radiation. 

AA’ater  vapor,  the  most  significant  of  the  atmosphere’s  absorbing  gases, 
absorbs  only  about  1A%  of  the  incoming  shortxxave  radiation,  but  absorbs 
85%  of  the  earth’s  long-wave  radiation.  This  tends  to  maintain  surface  tem¬ 
peratures  much  higher  than  they  otherwise  would  be.  The  atmosphere  thus 


Fig.  4-20.  The  electromagnetic  spectrum  and  action  spectra  of  certain  plant 
processes. 

[Adapted  from  Machlis  and  Torrey,  Plants  in  Action,  Freeman,  San  Francisco,  1959.] 
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acts  as  a  pane  ot  glass,  transparent  to  the  sun’s  short  waves,  hut  opacpie  to 
the  earth’s  long  waves;  hence,  the  name  (greenhouse  effeet  tor  this  phe¬ 
nomenon  (  Fig.  4-21).  The  earth  thus  receives  most  ot  its  heat  only  indirectly 
from  the  sun. 


Heat  Transfer 

The  transfer  of  heat  energv  is  accomplished  hy  radiation,  conduction,  con¬ 
vection,  and  reflection.  Radiation  as  described  refers  to  an  organized  flow 
of  energy  through  space.  It  does  not  travel  in  the  form  of  heat,  for  heat  in- 
\()lves  molecular  motion,  but  in  the  form  of  electromagnetic  wa\es.  When 
radiation  is  absorbed  on  a  surface  it  usually  produces  a  rise  in  temperature. 
In  this  case,  radiation  is  transformed  into  heat  energy.  In  conduction,  the 
eneriiv  flows  throueh  the  conducting  surface  from  the  warmer  to  the  cooler 
body.  The  transfer  of  heat  through  the  soil  takes  place  by  conduction.  The 
abilit)'  of  a  substance  to  conduct  heat  {conductivitij)  varies  with  the  mate¬ 
rial,  as  shown  in  Table  4-6.  The  movement  of  heat  by  convection  or  circula- 


Table  4-6.  Heat  conductivity  of  various  substances. 


sc  HSTANCE 

\  A  I.  V  K 

(cA  l/ eM-sEe-°e) 

Silver 

1.0 

Iron 

0.1 

Water 

o.ooi;} 

Dry  Soil 

0.000.4 

Sawdust 

0.0001 

.Vir 

0.0000.) 

tion  (if  vviintu'd  air  (iv  wakT  is  relati-a  Ki  its  cluuigc  in  density  as  a  icsnit  nf 
heat.  Air  near  a  stnno  radiating  heat  «arins  and  l.eennies  less  dense  tlian 
the  enoler  air  farther  a«a\'  and  is  pushed  npsMirds.  Siniilarly,  ennl  water 
sinks  Heat,  as  w  ell  as  light,  is  reflected  from  a  surface.  A  sheet  nf  pnhshei 
metal  w  ill  rellect  both  heat  ami  light  and  w  ill  reflect  Ixith  in  the  sa.ne  way. 
The  persistence  nf  snow  in  mild  weather  is  a  resnit  nf  its  high  reflectwe 

property. 
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Fi>.  4-21.  The  "^re<'nhou.se  effect"  produced  Inj  the  earth’s  atmosphere. 

[Adapted  troni  Cialston,  Life  of  the  Gri  ni  Plant,  riintici.-Jlall,  Englewood  Cliffs,  1961.] 
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occuis  \  aries  witli  the  plant  and  differs  with  tlie  stage  of  development  ( Fig. 
4-22).  In  addition,  different  parts  of  the  same  plant  \  ary  as  to  the  minimum 
temperature  that  thev  will  withstand.  Roots  of  cold-acclimated  plants  are 
more  sensiti\  e  to  low  temperature  than  stems;  flow  er  buds  are  more  tender 
than  leaf  bnds. 

A  number  of  growth  processes  show  a  (jnantitati\e  relationship  to  tem¬ 
perature.  Among  these  are  respiration,  part  of  the  photosynthetic  reaction, 
and  xarions  maturation  and  ripening  phenomena.  In  addition,  plant  proc¬ 
esses  such  as  dormancy,  flowering,  and  fruit  set  are  temperature  critical.  The 
optimum  temperature  for  plant  growth  depends,  then,  on  the  species  and 
\ariet\’,  and  on  the  particnlar  physiological  stage  of  the  growth  process. 
Idants  grown  under  uniform,  constant  temperature  do  not  grow^  or  produce 
fruit  as  rapidly  as  do  plants  grown  under  alternating  night  and  day  tem¬ 
peratures.  Most  plants  re({nire  a  lower  night  than  day  temperature.  Some 
plants  re(piire  cold  temperature  to  complete  their  annual  or  life  cycle.  This 
is  discussed  more  fully  in  the  following  chapter. 

There  are  various  t\pes  of  injury  associated  with  extremes  in  temperature. 
Tt'mperatures  close  to  or  below'  the  freezing  point  of  watei  may  cause  pti- 
manent  damage,  resulting  in  death.  This  is  dramatically  seen  aftei  the  fiist 
fall  freeze,  when  most  herbaceous  plants  are  killed.  Cold  injury  brought 
about  by  freezing  is  thought  to  be  due  to  the  formation  of  ice  crystals,  w  Inch 
cause  mechanical  injury  to  the  cell.  Another  possibility  is  that  such  crystal 
formation  causes  desiccation  of  the  cell.  The  w'ithdrawal  of  water  from  the 
cells  results  in  protein  precipitation.  Cold  injury  during  the  winter  is  also 

Fig.  4-22.  Optirnntn  ui^ht  temperature  varies  with  the  species  and  with  the 
staue  of  development  in  the  life  cycle. 
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associated  with  tissue  desiceation  brought  about  by  decreased  water  absorp¬ 
tion  from  th('  roots,  d'his  IvjH'  ol  ivinlcr  kill  is  a  common  injury  to  e\’iMgre(*ns 
where  transpiration  during  tlu*  winter  is  a  contributing  factor.  Evergreens 
may  be  protected  from  w  inter  kill  by  co\'ering  them  with  plastic,  wdiich  cuts 
dow’u  on  transpirational  losses. 

Some  plants  are  found  to  be  sensitive  to  temperatures  slightly  above 
freezing.  This  chillin<^  i)ijnn/  is  not(‘d  in  peanut,  velvet  bean,  sweet  potato, 
and  in  the  eueurbits. 

Plants  that  are  resistant  to  cold  injurv  (Itardij  plants),  as  compared  to 
those  susceptible  to  cold  injury  (tender  plants),  appear  to  have  an  increased 
proportion  of  unfreezable  (hound)  w'ater  in  the  cells,  an  accumulation  of 
soluble  carbohydrates,  and  a  low^er  w^ater  content.  The  free  w^ater  associated 
with  succulent  tissue  freezes  at  32°F.  The  osnwticalh/  held  w'ater,  caused 
by  an  increase  in  sugar-like  substances,  has  a  low'ered  freezing  point  de¬ 
pending  on  the  concentration  and  acts  as  an  “antifreeze.”  The  “bound,”  or 
colloidally  held,  w'ater  freezes  at  a  still  low^er  temperature.  The  wdnter  in¬ 
jury  that  occurs  in  grapes  after  an  unusually  heavy  production  (often  due 
to  inadefjuate  pruning )  is  associated  with  a  low"  sugar  content  of  the  tissues, 
which  renders  them  susceptible  to  cold  injury.  Thus,  differences  in  cold 
resistance  of  particular  plants  may  be  induced  by  methods  which  tend  to 
increase  sugar  accumulation.  This  w'ill  be  discussed  under  hardening  in 
Chapter  7.  The  variation  in  cold  resistance  among  plant  species  is  probablv 
related  to  their  ability  to  bind  water  in  nonfreezable  forms.  The  greater  the 
proportion  of  bound  w^ater,  the  hardier  the  plant. 

The  heaving  of  soil  due  to  alternate  freezing  and  thawing  injures  the 
plant  by  the  mechanical  ripping  of  the  root  system.  This  may  be  overcome 
by  procedures  such  as  mulching  that  tend  to  prevent  premature  thawing. 
A  substantial  portion  of  freezing  injury  is  associated  w"ith  unseasonably  high 
temperatures  in  the  w'inter.  In  temperate  regions  unseasonably  high  tem¬ 
peratures  in  late  winter  often  initiate  growth  prematurely.  This  renders  the 
plant  extremely  susceptible  to  subsefpient  cold  weather.  This  is  often  noticed 
on  the  southern  side  of  trees  (in  the  Northern  Hemisphere),  where  insola¬ 
tion  IS  greatest.  Similarly,  the  early  blooming  of  fruit  trees  brought  about  by 
unseasonable  warm  weather  is  feared  because  of  the  increased  danger  o'f 
frost  injury  to  flower  buds. 

High-temperature  injury  is  often  related  to  desiccation.  The  “burning  up” 
of  plants  (luring  nmisnally  hot  weatlior  is  nsnally  a  result  of  excessive  7ater 
loss  in  transpiration  as  compared  with  water  uptake.  This  is  verv  noticeable 
svhen  nmisnally  warm,  dry,  windy  weather  ocenrs  after  transpianting  Soil 
snrface  temperatnres  under  these  conditions  may  he  extremely  high  and 
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intc'iftMt'  w  itli  root  grow  th.  Young  tran.splants  often  “horn  off’  at  tlu*  soil  line. 
hAtreniely  high  air  t('inperatnres  (  1 15-130°1'’ )  ina\'  be  lethal  to  the  plant 
as  a  result  of  tlu'  eoagnlation  ol  protein.  4'h('  ei'ssation  ol  grow  th  under  hot 
wc'ather  is  a  relleetion  ol  an  altered  inetabolie  balanee.  When  the  respiration 
rate  increases  faster  than  that  of  photosynthesis,  there  will  be  a  resnltant 
depletion  of  food  reserves.  As  in  all  biologic  processes  the  critical  tenipera- 
tnres  \’arv  with  the  material. 

The  Plant  in  Relation  to  Light 

Plants  grown  in  the  absence  of  light  but  provided  w’ith  a  source  of  food 
from  storage  organs  (for  e.xample,  seed,  tuber,  or  bulb)  are  yellow',  and  have 


Fig.  4-23.  Etiolated  (left)  and 
li^lit-poien  (rig^ht)  bean  seedlings. 

[.Adapted  from  Bonner  and  Galston,  Prin¬ 
ciples  of  Plant  Plujsiolofiy,  freeman,  San 
Francisco,  1952.] 
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greatly  elongated,  spindly  steins  (Fig.  4-23).  The  same  plants,  when  pro- 
\ided  with  light,  develop  green  color  as.sociated  with  the  development  of 
chlorophyll  and  the  initiation  of  photosynthesis,  and  assume  the  normal 
stem  structure.  The  morphological  expression  of  light  deficiency  is  called 
etiolation,  and  is  related  to  the  effects  of  light  on  auxin  distribution  and 
.synthesis.  The  dependence  of  chlorophyll  development  on  light  is  utilized 
in  the  production  of  l)Ianchc(l,  or  white,  asparagus  and  celery.  In  Europe 
there  is  a  preference  for  white  asparagus  and  celerv.  Asparagus  is  dug 
instead  of  cut  to  obtain  blanched  spears.  Blanched  celerv  is  produced  bv 
mounding  the  base  of  the  growing  plant  wa'th  some  opaejue  material  such  as 
soil  or  paper.  In  the  United  States,  self  blanching  tvpes  are  growm  that  are 
naturally  somew'hat  lighter  and  produce  a  thicker  stalk,  w'hich  shades  the 
inner  portion  of  the  plant. 

Some  anthocyanin  pigments  also  retjuire  light  to  develop.  The  Sinkuro 
varieU’  of  eggplant  only  develops  purple  pigment  in  the  presence  of  light, 
and  the  fruit  is  white  under  the  calyx.  Similarly,  apples  produced  on  the 
inside  of  the  tree  do  not  de\’elop  as  intense  a  pigmentation  as  do  those  on 
the  outside.  Apple  fruits  can  be  made  to  develop  slogans  with  the  use  of  a 
tape  containing  a  transparent  and  opa(|ue  surface  (Fig.  4-24). 

Light  influences  a  great  many  other  plant  responses.  These  include  ger- 

Fig.  4-24.  IJoht  infiucnccs  the  formation  of  some  anthocyanin  pigments.  These 
labeled  apples  were  produced  hy  affi.xing  the  tapes  .shown  below  to  the 
fruits  on  the  tree  before  the  )iatural  forniatioti  of  j)ignumt. 

[C^omti'sy  I’mcliie  Univ,] 
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niination,  tuber  and  bulb  lonnation,  Howering,  and  sex  expression.  This 
effect  of  light  on  plant  development  is  often  related  to  the  length  of  the 
light  and  dark  periods  {])hotoperiod) .  These  aspects  of  light  will  be  dis¬ 
cussed  in  the  following  chapter. 


Quality  and  Quantity  of  Light 

The  radiant  energy  retpiired  by  plants  is  confined  almost  entirely  to  the  \  is- 
ible  spectrum.  Growth  is  optimum  when  the  entire  range  of  the  visible  spec¬ 
trum  ( that  is,  white  light,  sunlight )  is  provided.  Light  energy,  described  in 
terms  of  particles  called  photons  (({uanta),  is  inversely  proportional  to  the 
wavelength.  Thus,  \  isible  light  of  different  wavelengths,  which  we  see  as  dif¬ 
ferent  colors,  provides  different  energy  reciuirements.  The  light  reactions  of 
the  plant  ( photosynthesis,  phototropism,  photoperiodism )  are  based  on  pho¬ 
tochemical  reactions  carried  on  by  specific  pigment  systems  that  respond  to 
N-arious  wavelengths  (  Fig.  4-20).  For  example,  the  portion  of  the  visible  spec¬ 
trum  that  results  in  phototropism  are  the  violet,  blue,  and  green  regions  of 
the  spectrum.  The  red  portion,  most  effective  in  photosynthesis,  is  ineffecti\  e 
in  phototropism.  The  pigments  that  absorb  wavelengths  effective  in  photo¬ 
tropism  are  yellow,  perhaps  carotenoids  or  ffavanoids.  It  is  intiiguing  to 
consider  that  these  pigments  manufactured  by  plants  provide  animals  with 
compounds  involved  in  their  photoreceptive  reactions  (vision)! 

Light  (juantitv  or  intensity  refers  to  the  concentration  of  light  waves.  It 
can  be  expressed  in  terms  of  electrical  energy  (watts)  per  unit  area  or  m 
terms  of  luminosity  ( footcandles ).  Since  these  units  are  used  to  express  in¬ 
tensity,  they  are  not  completely  satisfactory  when  considering  plant  irradui- 
tion.  The  footcandle,  a  measurement  of  luminosity,  is  the  intensity  of  radia¬ 
tion  based  on  the  sensitivity  of  the  human  eye.  Thus,  the  same  energy  at  a 
wavelength  of  5550  A  will  iiave  a  higher  footcandle  rating  than  light  with  a 
wavelemnh  of  6500  A  because  the  eye  is  less  sensiti\e  to  this  part  of  the 
six'ctruin.  The  use  of  radiation  intensity  in  terms  of  power  units,  such  as 
w  atts  per  unit  area,  also  does  not  take  into  account  the  spectral  composition. 
This  must  be  kept  in  mind  when  interpreting  intensity  recpiirements.  le 
ramre  in  light  intensitv  over  the  earth  is  enormous.  Light  intensity  at  full 
sun^is  a  billion  ti,nes  brightev  .ban  starlight.  Tbo  intonsityol  varinns  bgb, 
c„n<liti,m.s  ..,xpros.se(l  as  footcandles  is  sb.nvn  ,n  Table  4-,.  Tbe  dilleun 
liebt  reactions  of  tbe  plant  vary  in  tbeir  rctinncinents  w.tli  lespccl  t,.  botli 
tbe  intensity  re.|nircd  to  initiat.’  tbe  reaction  and  tbe  effect  of  tbe  nitens.ly 
on  the  rate  of  the  reaction. 
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lahle  4-7.  Intcnsitif  vahirs  in  foot  randies  for  carious  li<^ht  conditions  and  jdatit 
photorcaciions. 
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Light  and  Photosynthesis 


Tlie  rate  of  photosvntliesis  is  related  to  the  ax  ailabilitv  of  the  raw  mate¬ 
rials,  water  and  carbon  dioxide,  and  to  the  energy  axailable  in  tlie  form  of 
liglit  and  lieat.  These  simple  requirements  are  abimdantlv  proxided  in  the 
temperate  and  tropical  areas  of  the  earth  and  sea. 

The  photosxnthetic  rate  is  proportional  to  the  intensitx-  of  light  up  to 
about  12(){)  footcandles.  Chlorophyll  thus  is  able  to  efficiently  use  only  a 
portion  of  the  incident  light  energy  on  a  sunny  day,  which  may  be  o\’er 
1(),()()()  footcandles.  Iloweyer,  due  to  shading  effects,  a  maximum  amount  of 
light  intensity  is  recpiired  to  proyide  all  of  the  leaves  in  a  plant  with  opti¬ 
mum  amounts  of  energy.  The  rate  of  photosvmthesis  is  sharplv'  curtailed 
during  low  light  intensity  vyith  cloudy  \yeather.  Not  all  plants,  however, 
respond  to  high  light  intensity.  Some  retpiire  as  little  as  one-tenth  of  full 


sunlight.  These  differences  in  light  intensity  recpiirements  enable  the  classifi¬ 
cation  of  plants  as  sun  plants  or  shade  plants. 

Only  about  \%  of  the  light  received  by  the  leaf  during  sunny  days  is  uti¬ 
lized  in  photosynthesis.  The  remainder  is  reflected,  reradiated,  transformed 
into  heat,  or  utilized  for  transpiration  (Fig.  4-25).  The  energy  stored  by  the 
plant  is  represented  by  all  of  the  past  (oil,  coal)  and  present  plant  growth. 

The  photosynthetic  reaction  is  specific  in  its  light-(piality  recpiirements. 
Chlorophyll  absorbs  the  red  and  blue  portions  of  the  spectrum,  permitting 
the  green  light  to  go  through.  Thus,  chlorophyll  appears  green.  The  absorp"^ 
tion  (pialities  of  the  chlorophylls  of  higher  plants  show  a  higher  absorption 
of  the  red  light  than  the  blue. 
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ENERGY 

expenditure: 

iDay  <Jnd  ni^ht 
iWKMwary) 


Fig.  4-2.5.  The  solar  cncr^/  balance  during  the  summer  (Maii-Septemher)  in 
southeast  England.  The  energy  expenditure  is  expressed  as  the  percent(a^e 
of  the  total  that  is  sufficient  to  evaporate  36  in.  of  uater. 

[Adapted  from  Penman,  in  S„rinkh-r  Irri^aUan  Manual.  Wriuht  Hain,  Hinuwood,  Enuland, 
1956.1 


The  intensity  and  tinality  of  liglit  reacliing  the  plant  Niiries  witli  the  sea¬ 
son,  tlie  latitude,  and  the  weather  conditions  affecting  the  water  vapor  in 
the  atmosphere.  Tims,  during  the  winter,  light  often  hecomes  a  limiting  fac¬ 
tor  in  greenhouses,  although  heat  is  provided  through  comhustion  of  pre- 
viouslv^-aptured  energy.  The  Northern  areas,  which  are  in  almost  continu¬ 
ous  light  during  part  of  the  ywir,  provide  ahundant  photosynthesis  where 
tcMiiperature  is  not  limiting.  Tlie  enormous  size  of  the  potatoes  and  cahhagi's 
produced  in  .Maska  is  due  to  the  ahundant  light  energy  prox  idcd  in  this 

rt‘<riou  during  the  summer. 


S elected  R efere 1 1 ec-s 
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Air 

Air  is  not  usiiallv  considoretl  a  limiting  factor  in  plant  growth.  There  is 
relati\  ely  little  x  ariation  in  the  composition  of  the  atmosphere,  and  air  mo\’e- 
ment  tends  to  keep  these  gases  in  ecjiiilibrinm.  Under  optimum  growing 
conditions  and  high  light  intensities,  carhon  dioxide  asailability  may  limit 
photos\nthesis.  However,  the  tremendous  \’olume  of  air  (0.03^  COj)  nor- 
mallv  proxides  sufficient  carbon  dioxide  in  relation  to  the  available  light. 
Furthermore,  there  is  a  limit  to  the  amount  of  carbon  dioxide  a  plant  will 
tolerate.  The  addition  of  carbon  dioxide  to  the  air  is  being  tried  in  carna¬ 
tion  greenhouses  in  Colorado,  where  the  natural  light  intensity  is  v^ery  high. 
The  use  of  artificiallv  applied  carbon  dioxide  would  be  necessary  for  opti¬ 
mum  production  of  algae,  which  has  been  suggested  as  a  means  of  provid¬ 
ing  food  for  an  ox  ercrowded  xx  orld. 

'I'he  ({uality  of  the  air  is  becoming  an  important  factor  in  plant  groxxth. 
This  is  especially  true  for  horticultural  operations  xvhich  are  close  to  urban 
and  industrial  areas.  For  example,  smog,  xvhich  contains  partially  oxidized 
hydrocarbons,  can  be  injurious  to  plants  as  xvell  as  to  people. 

The  axailability  of  oxygen  in  the  soil  is  often  a  critical  factor  in  plant 
groxx  th.  Poorly  aerated  soils  have  a  loxv  o.xygen  and  high  carbon  dioxide 
content.  This  reduces  respiration  in  roots  and  limits  root  groxxth,  resulting 
in  a  reduction  of  xvater  and  nutrient  uptake  bx^  limiting  the  absorption  sur¬ 
face  and  impeding  the  active  absorption  process.  High  carbon  dioxide  lexels 
also  hax’e  a  toxic  effect  to  roots.  The  death  of  large  trees  xxhen  their  roots 
are  cox'ered  over  xvith  extra  soil  is  a  dramatic  example  of  the  effects  of  an 
altered  oxygen  to  carbon  dioxide  ratio  in  the  soil. 

.\(Hiatic  plants,  or  plants  adapted  to  marsliy  or  boggx'  conditions,  max^  be 
stiuctmallx  alteied  such  that  aeration  of  the  roots  is  supplied  from  leax'es. 
Other  hydrophobes  apparently  haxe  adapted  in  some  manner  to  loxx’  oxygen 
concentrations.  Oxygen  and  carbon  dioxide  lexels  have  a  great  effect  on 
fruit  and  plant  storage.  This  topic  xvill  be  discussed  in  Chapters  5  and  11. 


Selected  Reference.^ 


lionner,  J  ami  Oalston,  A.  W’.  Prineiple.s  of  Plant  Pl„,siolo<i,j.  lueeman,  San  luan- 
cisco.  1.J.51..  (All  outstanding,  inodeni  aixinoacli. ) 

Levitt,  J.  The  I lardiue.s.s  of  Plants.  Academic,  New  York.  19.5(1  (An  e.xcellent 
iexiex\'  of  cold-,  heat-,  and  dronght-hardiiiess. ) 


126 


Plant  Croiitli  [Cliap.  4] 

Lyon,  T.  L.,  Buckman,  H.  O.,  and  Brady,  N.  C.  The  Mature  and  Properties  of 
Soils.  Macmillan,  New  York.  1952.  (A  basic  te.xt  on  agricidtnral  soils.) 

Meyer,  B.  S.  and  Anderson,  D.  B.  Plant  Physiology.  \^m  Xostrand,  Xew  York. 
1952.  (.\  valuable  reference  work.) 

Sinnott,  E.  \V.  Plant  Morphogenesis.  McGraw-Hill,  Xew  York.  1960.  (An  analysis 
of  morphological  change  associated  with  plant  development  and  differentia¬ 
tion.) 


CM  API  KH 


Plant  Development 

Bi/  CHARLES  E.  HESS,  Purdue  Universitif 


After  a  consideration  of  the  plant  in  terms  of  pliysiological  processes,  it 
is  now  possible  to  consider  the  organism  as  an  integrated  mechanism  capable 
of  an  irre\  ocable  increase  in  size  and  complexity.  Starting  with  the  germina¬ 
tion  of  a  seed,  the  developmental  history  of  a  plant  will  be  traced  through 
juvenility,  maturity,  flowering,  and  fruiting.  At  fruiting  the  essential  cycle 
of  the  plant  growth  is  completed.  In  perennials,  the  plant  is  ready  to  recvcle 
after  a  period  of  quiescence.  In  annuals,  fruiting  is  a  signal  to  the  organism 
to  enter  the  final  phases  of  plant  growth — senescence  and  death  (Fig.  5-1). 


VEGETATIVE  PHYSIOLOGY 

Germination 

Germination  includes  all  the  se(|uential  steps  from  the  time  the  seed 
imbibes  water  until  the  seedling  is  self  sustaining  (Fig.  5-2).  In  the  sim¬ 
plest  concept,  germination  involves  the  enzymatic  comersion  of  complex 
reserve  substances  to  simple  soluble  substances  that  are  readilv  translocated 
to  the  embryonic  plant.  Here  some  substances  are  oxidized  through  respira¬ 
tion,  and  release  energ)-;  others  are  utilized  in  synthesis.  Externally,  the  seed 
must  be  provided  with  ample  supplies  of  oxygen  to  satisfy  the  respiratory 
retjuirements  and  of  water  to  pro\ide  a  medium  for  enz\anatic  activit)’  and 
synthesis.  The  temperature  of  the  environment  must  be  such  that  the  bio¬ 
chemical  processes  of  degradation  and  synthesis  can  operate.  Although  light 
is  not  usually  reipiired,  in  some  plants  (for  example,  lettuce)  it  can  either 
trigger  or  inhibit  the  germination  process. 
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Flowering  (under  lo»uj  day/<) 
Marurc 


iudden  fcncfcct^cc 
and  death 


Fiji.  5-1  A.  Developtnental  histonj  of  a  herbaceous  annual  {s))inach).  The  seed 
of  spinach  (ptickhf  germinates  under  proper  euviroumeutal  coiul  it  ions  foi 
(iroicth.  If  the  seedling  is  ^roivn  under  short  dat/s  it  forms  a  distinct  vegeta¬ 
tive  stage  (rosette).  Under  long  days,  the  stem  elongates  to  form  a  seedstalk 
and  initiates  flowers.  Since  .spinach  is  normally  dioecious,  staminatc  and  f)i.stil- 
late  flowers  form  on  .separate  plants.  Soon  after  the  staminatc  jdants  flower, 
and  .soon  after  the  pistillate  plants  fruit,  they  undergo  rapid  .sene.scenee  and 
die. 


Seed  Donnanetj 


S(H‘(1  that  is  viable  and  yet  fails  to  germinate  in  the  presenee  of 
en\ ironiiK'ntal  eonditions  is  said  to  he  dormant.  I  he  cause  ot 
may  he  physical  or  physiological. 


fa\()rahle 

dormanev 
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Vcf^clalivc  Physiology 

Physical  cloniiancy  takes  tlic  form  of  hard,  impervious  seed  coats,  wliieh 
j)ro\  ide  a  barrier  to  tlie  entrance  of  water  and,  in  some  plants,  oxygen.  1  ht 
legume  family  proxides  the  greatest  number  of  examples  of  this  t\pc  of 
dormanev.  Under  natural  conditions  these  seeds  do  not  germinate  until  soil 
microorganisms  or  weathering  have  sufficiently  weakened  the  seed  coat  to 
permit  the  entrance  of  w'ater.  Thus  germination  may  recjuire  a  numbei  of 
years  rather  than  only  one  season.  In  horticultural  practice,  seeds  having  an 


Fig.  5-lB.  Developmental  history  of  a  icoody  perennial  (peach).  The  peach  .seed 
germinates  only  after  a  period  of  cold  treatment.  1  he  juvenile  sta^e  lasts 
about  2—3  years.  The  yearly  cycles  mu.st  he  i)tterruj)ted  by  a  period  of  cold. 
Usually  fioicer  buds  are  initiated  in  the  third  or  fourth  year  and  open  in  the 
following  spring.  The  plant  may  live  for  50—60  years,  and  undergoes  a  very 
gradual  deterioration.  However,  the  plant  may  be  rejuvenated  from  buds 
close  to  the  base  of  the  tree.  If  vegetative  growth  is  continually  budded  onto 
new  rootstocks  the  “original”  plant  may  remain,  in  effect,  immortal. 
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Some  seeds  proceed  wirhour  hmdraoce 
provided  They  hcive  odeqiuitc  moisture, 
proper  tcmperciturc.  owoen. 

i 


Fig.  5-2.  Germination  is  the  route  from  seed  to  seedling.  Barriers  to  germination 
(dormancy)  may  prevent  its  occurrence  even  though  favorable  environmen¬ 
tal  conditions  for  growth  arc  present. 

impervious  coat  are  scarified  or  artificially  worn  or  weakened  in  order  that 
germination  can  take  place  unit'ormly  and  without  delay  (see  Chapter  9). 

Physiological  dormancy  may  be  caused  by  inhibitors — substances  that 
block  the  germination  process.  They  may  be  present  in  the  flesh  of  the  fruit, 
in  the  seed  coat,  or  e\  en  in  the  endosperm  of  the  seed.  E.xamples  of  dormancy 
caused  bv  inhibitors  are  (juite  common  in  horticultural  crops.  Germination 
of  seed  within  a  tomato  is  a  rare  occurrence,  yet  as  soon  as  the  flesh  of  the 
tomato  is  removed  and  the  seeds  are  rinsed,  germination  takes  place  w  ithout 
delay.  This  inhibition  of  germination  is  due  not  to  the  low  /)II  or  high  os¬ 
motic  values  of  the  tomato  flesh  but  to  a  specific  chemical  entity.  Although 
the  inhibitor  in  tomato  fruit  has  not  been  isolated  and  chaiacteiized,  theie 
is  evidence  that  it  belongs  to  a  group  of  compounds  known  as  the  unsatu¬ 
rated  lactones.  A  naturally  occurring  member  of  this  group  is  coumarin. 
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Vegetative  Plufsiolo^y 

T1k‘  mode  of  action  of  such  substances  as  coumarin  consists  in  blocking  or 
inactivating  t‘n/.vines  essential  to  the  gc*rmination  procc'ss.  kor  example,  it 
has  been  shown  that  the  activity  of  «-  and  /«-amvlases  is  blocked  in  the 
presence  of  a  germination  inhibitor.  1  he  amylases  are  essential  foi  the 
hvdrolvsis  of  starch;  that  is,  the  conversion  of  complex  insoluble  carbo- 
hvdrates  to  simple  soluble  forms.  As  with  dormancy  imposed  by  tbe  imper- 
\  ions  seed  coat,  inhibitors  dt'hu’  and  extend  the  period  during  w  hieh  g(*i- 
mination  takes  place.  Leaching  bv  rain  and  degradation  by  miciooiganisms 
are  examples  of  how  germination  inhibitors  are  removed  from  tbe  fruit  and 
seed  coats. 

Physiological  dormanev  mav  also  be  due  to  internal  factors  such  as  an 
immature  embr\o.  In  some  seeds  at  the  time  the  fruit  is  ripe,  tbe  embryo 
consists  of  onlv  a  few  undifferentiated  cells.  The  seed  of  tbe  American  holly 
(Ilex  opaca)  is  an  example.  Therefore,  an  afterripening  process  must  occur 
during  which  the  embrvo  differentiates  at  the  expense  of  the  endosperm. 
In  other  seeds,  particnlarlv  in  wood\’  species  of  tbe  temperate  zone,  the 
causes  of  internal  dormanev  are  more  complex.  In  addition  to  tbe  inhibitors 
that  block  germination,  a  germination  stimulator  is  also  reejuired,  which  is 
produced  as  a  prere(jnisite  for,  or  concnrrentlv  with,  germination.  Both  tbe 
removal  of  the  blocking  action  of  the  inhibitor  and  the  production  of  the 
stimulator\’  substance  occur  during  a  condition  known  as  cold  stratification. 
The  preretpiisites  for  cold  stratification  are  the  presence  of  moisture  and  a 
temperature  above  freezing  but  below  .50° F.  A  temperature  of  approxi¬ 
mately  41°F  appears  to  be  optimum.  The  fate  of  the  inhibitors  during  tbe 
cold  stratification  period  is  not  completelv  clear,  but  tbe  production  of  a 
germination  stimulator  has  been  demonstrated. 

The  morphological  site  of  internal  dormanev  is  primarily  in  tbe  plumide. 
In  some  seeds,  however,  it  is  found  in  the  radicle;  in  others  both  tbe  plumule 
and  the  radicle  are  dormant.  Under  such  conditions  it  is  often  necessary  to 
expose  the  seed  to  alternating  cold  and  warm  conditions.  For  example,  with 
Vihnrnum  it  is  necessary  to  proxide  a  warm  temperature  (70-80°F)  for  the 
radicle  to  dex  elop.  Exposure  to  low-temperature  stratification  is  then  neces¬ 
sary.  As  a  result,  the  inhibitor  content  decreases,  and  groxv  th-promotiye  sub¬ 
stances  increase.  Germination  then  takes  place  when  the  seeds  are  returned 
to  warm  conditions. 

More  complex  are  the  germination  re(jnirements  of  the  tree  peonx 
(Paeonia  snffrnticom) .  The  seed  must  first  be  exposed  to  low-temperature 
stratification  to  break  radicle  dormancy.  Then  a  xxarm  temperature  is  re- 
quiied  for  the  radicle  to  dexelop.  As  soon  as  it  emerges,  the  seed  must  be 
returned  to  loxv-temperatnre  stratification  to  break  plumule  dormancy.  After 
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the  s(‘C()ncl  stratification  period,  tlie  seed  gerniinatc's  upon  rc'tnrn  to  warm 
ti-mperatnr(‘S. 

d  lie  tact  that  the*  germination  of  a  seed  is  blocked  liv  one  iorm  ol  dor- 
inanev  does  not  exelnde  the  possibility  tliat  another  form  ma\’  also  be 
pri'sent.  Such  a  condition  is  called  double  donuancij  and  is  cluiracteristic  of 
se\eral  members  of  the  legume  family.  A  well-known  e.xample  is  the  redbud 
(C-’err/.v  eduddeiisis) .  Both  physical  and  physiological  blocks  to  germination 
are  present,  the  former  being  a  seed  coat  that  is  imper\ious  to  water;  the 
latter,  an  internal  dormanc\'  that  is  broken  by  exposure  to  cold.  The  se- 
(|uence  of  ev  ents  to  w  hich  seeds  with  double  dormancy  are  exposed  is  very 
precise.  The  physical  barrier  to  germination  must  be  remoyed  before  any 
attempt  is  made  to  remove  the  physiological  barrier.  If  a  seed  coat  is  im¬ 
pervious  to  water,  a  prere((uisite  for  biochemical  reactions,  any  cold  treat¬ 
ments  used  to  remove  inhibitors  or  to  promote  the  synthesis  of  a  stimulator 
will  not  be  effective.  In  nature,  seeds  with  double  dormancy  often  recpiire 
two  years  for  germination.  The  first  year  is  recpiired  for  soil  microorganisms 
and  weathering  to  remove  the  physical  barrier  by  rendering  the  seed  coat 
permeable  to  water  and  oxygen.  The  seed  is  not  yet  ready  to  germinate, 
however,  because  the  internal  dormancy  has  not  been  broken.  During  the 
second  winter  internal  dormancy  is  broken,  and  germination  occurs  the 
following  spring. 

Dormancy  of  seeds  is  a  biological  mechanism  that  provides  protection 
against  premature  germination  when  environmental  conditions  lUtiv  not  bt 
favorable  for  seedling  growth.  Thus,  in  nature,  .seeds  that  have  a  cold- 
satisfying  internal  dormancy  re(|uire  an  exposure  to  the  low-temperature 
conditions  of  winter.  Seeds  from  woody  plants  of  the  temperate  zone  will 
not  germinate  during  the  late  fall  to  face  the  unfavorable  growing  condi¬ 
tions"  of  winter,  but  are  internally  delayed  until  the  following  spring. 

The  germination  of  seeds  of  most  of  our  common  vegetable  crops  are 
often  not  blocked  by  either  physical  or  physiological  forms  of  dormancy.  In 
contrast,  such  plants  as  the  woody  ornamentals  and  many  weed  species 
possess,  almost  without  exception,  one  or  more  of  the  major  types  of  doi- 
mancy.  Thus,  it  would  appear  that  dormancy  mechanisms  may  be  elimi¬ 
nated  through  an  intensive  breeding  program. 


JuvcnilitiJ 

\  seed  is  considered  germinated  when  it  has  produced  a  plant  that,  under 
proper  environmental  cemditions,  is  potentially  capable  .)f  continuous  and 
nninterrupted  growth.  From  the  time  this  stage  is  reached  until  the  fust 
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llow'cr  j)riiii()r(linm  is  iiiitiati'd,  the*  plant  is  considered  to  l)e*  in  a  \'eg(“tati\'e 
phase  of  growth.  If  during  the*  \’egetati\’e  j^hase  tlie  plant  cannot  he  made 
to  flower,  regardless  of  the  i*nvironmental  conditions  imposed  upon  it,  it  is 
said  to  be  jn\enile.  The  jin  enile  phase  is  characterized  by  the  most  rapid 
rate  of  growth  of  the  overall  organism,  and  in  some  plants,  by  distinct  mor¬ 
phological  and  plnsiologieal  features.  The  jiuenile  phase  xaries  in  length 
from  one  to  two  months  for  annuals  to  a  period  of  few  years  for  the  fruit 
trees.  Some  plants,  such  as  bamboo,  recpiire  scores  of  \’ears. 

Although  a  definitive  plnsiologieal  studv  is  still  w'anting,  some  concepts 
of  the  nature  and  causes  of  the  juvenile  phase  have  been  obtained  by  study¬ 
ing  plants  in  which  a  distinct  morphological  or  phvsiological  change  is  asso¬ 
ciated  with  the  transition  from  juvenilitv  to  maturit\'.  Among  the  morpho¬ 
logical  features  that  are  associated  with  juvenilitv,  and  w’hich  are  lost  or 
altered  at  maturity,  are  the  presence  of  thorns  (pears),  leaf  lobing  (ivv)  or 
the  lack  of  lobes  {Philodendron ),  and  the  angle  of  the  branches  with  respect 
to  the  main  axis  of  the  plant  (.spruce).  One  phvsiological  feature  that  is  as¬ 
sociated  with  jinenilitv,  and  which  appears  to  be  applicable  for  all  plants, 
is  the  ability  of  the  plants  to  readily  initiate  adventitious  roots.  Another 


Fig.  5-3.  Morphological  differences  het'iceen  juvenile  and  ma¬ 
ture  phases  of  growth  in  the  English  ivi/.  In  the  juvenile  stage 
the  leaves  are  lohed,  and  growth  is  horizontal.  When  the  plant 
becomes  mature  the  leaves  are  entire,  and  shoots  grow  upright 
and  hear  flowers. 
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Fig.  5-4.  InchictUm  of  juveniUtij  and  reversal  to  the  mature  state  by  grafting. 


specific  physiological  cliaracteristic  of  juvenility  is  geotropism,  as  exempli¬ 
fied  by  English  ivy  {Hedcra  helix).  In  its  juvenile  phase  of  growth  Ilcdcra 
helix  is  a  trailing  vine,  climbing  only  witli  support.  In  the  mature  stage  of 
development  the  new  growth  is  negatively  geotropic,  growing  away  from 
tlie  ground  (Fig.  5-3). 

One  physiological  concept  of  juvenility  postulates  that  the  apical  meri- 
stem,  although  constantly  laying  down  new  cells,  actually  goes  through  an 
aging  proces's.  This  assumes  that  no  correlatixe  growth  substances  are  in¬ 
volved.  A  more  likely  hypothesis  is  that  the  cause  of  juvenility  is  due  to  the 
presence  of  substances  emanating  from  the  seed  or  from  the  jin  enile  root 
system.  An  explanation  for  the  transition  from  the  juvenile  to  the  mature 
.state  is  that  the  “juvenile  factor”  gradually  becomes  exhausted  as  the  plant 
grows  or  is  rendered  ineffective  as  the  distance  from  the  apex  to  the  root 
system  increases.  Some  support  for  this  postulation  of  a  disappeaiing  sub¬ 
stance  is  found  in  grafting  experiments  iinolving  mature  shoots  and  a 
ju\enile  stock  of  Ilcdcra  helix.  If  the  mature  branch  is  grafted  on  a  juvenile 
stock,  juvenile  shoots  develop  at  first  on  the  mature  branch.  Alter  a  feu 
weeks’  growth  the  juvenility  gradually  disappears,  and  the  shoot  again 
becomes  mature  (Fig.  -5-4).  This  particular  experiment  lends  support  to  tlu« 


135 


\ five  Ph ijsi ologij 

“exiiaustion”  concept,  wliicl)  assumes  that  the  new  shoots  on  tlie  mature 
scion  first  utilize  the  “juvenile  factors”  in  the  stock.  As  growth  proceeds 
the  juvenile  factors  become  exhausted,  and  the  mature  phase  is  then  re¬ 
sumed.  Although  there  is  evidence  for  the  presence  of  a  “juvenile  factor, 
it  has  not  been  isolated. 


Btid  Dormancij 


Vegetative  growth  is  not  a  continuous  process  but  is  associated  with  pe¬ 
riods  of  arrested  development.  One  tvpe  of  arrested  growth  is  brought  about 
bv  unfavorable  environment.  For  example,  the  grow  th  of  bluegrass,  a  com¬ 
mon  turf  species,  ceases  under  moisture  stress  and  top  growth  may  die 
under  continued  drought.  When  conditions  are  more  favorable  growth  re¬ 
sumes  from  underground  rhizomes.  Manv  plants  similarly  survive  periods 
of  temperature  extremes  by  undergoing  a  period  of  r|uiescence. 

Bud  dormancij,  as  is  true  of  seed  dormancy,  implies  that  growth  is  tem¬ 
porarily  suspended  even  though  all  the  external  conditions  normally  re- 
(juired  for  grow  th  are  provided.  For  example,  wnody  plants  of  the  temperate 
climates  develop  vegetative  buds  at  each  node  throughout  the  growing 
season.  The  lack  of  growth  of  these  buds  after  formation  is  initiallv  an  ex¬ 
pression  of  apical  dominance  controlled  by  auxin  distribution  (see  Chapter 
7).  At  this  time,  these  buds  can  be  induced  to  grow'  by  pruning,  which 
remo\es  the  grow  th  inhibiting  apical  meristem.  With  the  onset  of  autumn, 
howe\  er,  the  buds  develop  a  true  dormant  condition  and  will  not  grow'  even 
if  the  plant  is  moved  to  a  w'arm  greenhouse.  The  degree  of  dormancy  varies 
not  only  between  species  but  also  between  buds  on  the  same  plant.  The 
flower  buds  of  many  trees  such  as  peach,  cherrv,  and  apple  have  a  lower 
chilling  reciuirement  than  do  the  vegetative  buds,  and  therefore  flower 
before  the  leaves  emerge.  In  Forsijfliia  the  cold  re(|uirement  is  so  low  that 
it  may  be  seen  to  flower  in  the  fall  after  a  brief  period  of  cold  weather. 


In  woody  plants  of  the  temperate  climates,  the  onset  of  dormancv  is  con¬ 
ditioned  bv  shoit  day  length  and  low  temperature.  Bud  dormancy  in  these 
plants  is  probably  internallv  regulated  by  the  formation  of  growth-inhibit¬ 
ing  substances.  It  is  broken  naturally  with  cold  temperatures.  This  cold  re¬ 
action  is  localized,  for  if  an  isolated  stem  of  a  dormant  plant  is  cold-treated 
while  the  remainder  of  the  plant  is  kept  at  a  warm  temperature,  only  the 
dormancy  of  the  treated  stem  buds  are  broken. 

The  survival  value  of  dormancy  is  clear.  A  physiological  mechanism  that 
prevents  growth  is  a  biological  check  on  the  perversitv  of  weather.  If  woody 
plants  lacked  internally  imposed  dormancy  they  might  initiate  growth  un”- 
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Fis?.  5-5.  The  effects  of  insufficient  chill  in  the  peach.  Left.  This  peach  .wedlino 
was  photographed  at  the  South  Coast  Field  Station  in  California  on  Maij  31, 
1961  when  onh/  300  hours  below  45° F  had  accumulated.  The  tree  has  a  rela- 
tivehj  lon^  chilling  reepnrement  and  shows  severe  injury  as  a  result  of  insuf¬ 
ficient  chdl.  The  tree  has  flowered  and  fruited  because  flower  buds  have  a 
lower  chill  reipnremcnt  than  leaf  buds.  Right.  The  .same  seedling  on  June  6 
at  Yucaipa,  where  the  minimum  temperatures  are  .significantly  lower  as  a 
re.sult  of  the  2500-  to  2900-ft  elevation,  has  leafed  out  normally. 

[C:ourtfsy  J.  \V.  Lesley,  University  of  California,  Division  of  AKrienltnral  Sciences.] 


cler  fav()ral)le  periods  in  the  late  fall  only  to  hax'e  this  sueenlent  growth 
siiccuinli  to  succeiHling  severe  weatlier.  After  enougli  eolcl  weutlier  luis 
proceeded  to  break  dormancy,  grow  tii  is  limited  only  by  faMirable  temper- 

atiire.  .  , 

The  period  of  cold  treatment  refpiired  to  break  dormancy  not  only  \  aiies 

«itb  the  species  bnt  is  sensitive  to  selection  within  species.  For  example, 
peaches  hax'e  been  selected  for  cold  rec|nircmeTits  that  vary  from  .A50  to 
12(11)  horns  beloxv  4,5  F.  Loxv-chill-re(|niring  xarietics  are  .selected  for  south¬ 
ern  areas  where  the  periods  of  cold  weather  may  be  brief.  If  vanet.es  hav¬ 
ing  high  chill  re(|nirements  are  grown  too  far  south,  they  mil  r'a  on 
p,i:,rlv\,r  not  at  all  in  the  spring  (  Fig.  5-5).  It  is  the  coUl  rcqniri.rg  dor, nancy 
l„,,„ght  on  by  short  day  length  that  presents  the  prodnetion  ot  temperate 

fruit  crops  in  subtropical  regions. 


Matiiritij 

w  hen  a  plant  becomes 
be  niuturc.  The  maturit\ 


potentially  capable  of  reproduction  it  is  said  to 
of  a  plant  can  be  uiKiuestionably  ascertaiiu'd  b\ 


Reproductive  PJu/sioIo^i/  l-J' 

tlu*  (U‘\'cl()pnic‘iit  of  flowers.  In  many  plants,  lio\M‘\'t'r,  physiological  and 
inorj)liological  changes  take  place'  helore  the  macroscopic  expression  of 
flowc'iing  hecoint's  a[)parent.  In  English  i\y,  for  example,  leaf  shape  is 
greatly  modified  as  the  mature  state  is  reached.  Leayes  change  from  a 
lohed  condition  in  the  jnyenile  state  to  an  entire  leaf  in  the  mature  state. 
1'he  last  leaf  formed  prior  to  the  flow'er  bud  is  almost  reduced  to  a  luact. 

W  hen  the  plant  reaches  maturity,  it  is  capa])le  of  flowering  Imt  will  not 
necessarily  do  so.  The  enyironment  to  w'hich  the  plant  is  exposed  at  the 
time  of  maturity  determines  whether  the  plant  \\'ill  reacli  tlie  ultimate  in 
expression  of  the  mature  state — the  flowering  response. 


K  E  P  R  ()  D  U  C  T  n  E  P 11  Y  S  I  O  E  ()  C;  Y 


Flowering 


Flowering  is  a  term  representing  a  wide  spectrum  of  physiological  and 
morphological  eyents.  The  first  eyent,  the  most  critical  and  perhaps  the 
least  understood,  is  the  transformation  of  the  yegetatiye  stem  primordia 
into  floral  primordia.  At  this  time  subtle  biochemical  changes  take  place 
that  dramatically  alter  the  pattern  of  differentiation  from  leaf,  bud,  and 
stem  tissue  to  the  tissues  that  make  up  the  reproducti\'e  organs — pistil  and 
stamen.s — and  the  accessory  flower  parts — petals  and  sepals.  Among  the 
eyents  that  follow  initiation  are  development  of  the  indi\  idual  floral  parts, 
floral  maturation,  and  anthesis. 


Once  a  meristem  has  been  biochemically  signaled  to  change  from  the 
\’egetatiye  to  the  reproductive  state,  microscopic  changes  in  its  configuration 
become  apparent  (Fig.  5-6).  Growth  of  the  central  portion  is  reduced  or 


COnt'dinin^  nurner’ou.^ 
-floral  primordia 


I-ifi.  5-6.  The  transition  of 

I  From  Bonner  and  Galston, 
Bonner  aiul  Thnrlow.] 


a  vegetative  inid  to  a  floral  primordia  in  the  cocklehur. 

rrmcipUs  of  Flout  P/n/Wo/o^o/,  Freeman,  San  Franeisco,  1952,  alter 
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inliibitccl,  and  the  nieristein  becomes  flattened  in  contrast  to  the  conical 
sliapi'  characteristic  of  tlie  segetative  condition.  Next,  small  protuberances 
develop  in  a  spiral  or  whorl  arrangement  around  the  meristem.  Although 
this  phase  of  reproductive  differentiation  is  (piite  similar  to  vegetative  dif¬ 
ferentiation,  a  basic  difference  does  exist  in  that  there  is  no  elongation  of 
axis  between  the  successive  floral  primordia  as  there  is  betw'een  leaf 
primordia.  In  most  plants,  once  the  transformation  from  the  vegetati\e  to 
the  reproductive  state  has  been  made,  the  process  is  irreversible  and  the 
floral  parts  w  ill  continue  development  until  anthesis — the  point  at  w3hch  the 
Howler  is  fully  open — even  though  the  environmental  conditions  that  ex¬ 
isted  during  initiation  are  changed.  By  the  time  anthesis  takes  place, 
meiosis  has  already  occurred,  and  pollen  and  embryo  sac  development  are 
complete.  At  this  stage  the  plant  is  prepared  for  the  next  major  step  in  its 
development — fruiting. 


Carbon : Nitrogen  Relationship 

Floral  initiation  has  been  studied  primarily  through  manipulations  of 
the  plant’s  environment,  particularly  nutrition,  light,  and  temperature.  The 
rapid  advances  in  the  knowledge  of  the  purely  nutritive  aspects  of  plant 
physiology  in  the  latter  part  of  the  nineteenth  century  created  an  atmos¬ 
phere  in  which  it  was  believed  that  perhaps  all  aspects  of  plant  grow’th 
could  be  explained  or  regulated  by  an  alteration  or  adjustment  of  a  plant’s 
nutrition.  This  approach  w^as  culminated  with  respect  to  flow^er  initiation 
by  the  concepts  of  Kraus  and  Kraybill  w'ho  proposed,  in  1918,  that  the 
initiation  of  flowering  was  regulated  by  the  carbolujdrate-.mtrogcn  relation¬ 
ship  of  the  plant.  When  tomato  plants  were  growm  under  conditions  favor¬ 
ing  photosvnthesis,  and  at  the  same  time  were  supplied  with  an  abundance 
of  nitrogen  fertilizers,  vegetative  growth  w'as  lush,  and  flowering  w'as  re¬ 
duced.  But  when  the  nitrogen  supply  w'as  reduced  w'hile  photosynthesis 
was  maintained  at  a  high  level,  vegetative  grow  th  was  reduced,  and  flower¬ 
ing  was  abundant.  With  the  combination  of  Unv  nitrogen  and  low'  photo¬ 
synthesis  both  vegetative  growth  and  flow'ering  w'ere  reduced.  This  concept 
o'f  nutritional  control  of  flowering  was  readily  accepted,  and  stimulated  in¬ 
vestigations  on  the  effect  of  the  carbon: nitrogen  relationship  in  other  plants. 
The  "results  of  such  studies,  how  ever,  indicated  that  plants  w  ill  flower  over 
an  extremelv  wide  range  of  carbon: nitrogen  ratios.  In  \'iew  of  our  present 
apnreciatioii  of  the  tremendous  physiological  effects  of  minute  cpiantities  of 
erowth-regiilating  substances,  it  is  not  difficult  to  understand  wTy  the  gross 
ratios  of  total  carbon  compounds  to  total  nitrogen  compounds  does  not 
provide  a  consistent  indication  of  the  phy.siological  condition  of  the  plant. 
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This  is  not  to  say  tliat  the  nutritional  status  of  a  plant  lacks  importance  in 
regard  to  flower  initiation.  The  nutritional  status  can  directly  influence 
the  degree  or  (piantitv  of  flowering,  hut  can  only  indirectly  affect  the 
(jualifying  event  of  initiation.  As  an  e.xaniple,  it  is  possible  by  the  con¬ 
tinued  removal  of  new'  grow  th  to  cause  a  tomato  plant  to  initiate  a  flower 
when  onlv  the  cotvledons  are  present  (Fig.  5-7).  It  can  be  demonstrated 
that  the  presence  of  new'  growth  has  an  inhibitory  effect  upon  floral  initi¬ 
ation.  From  these  results  it  is  tempting  to  suggest  that  the  reason  nitrogen 
reduces  flowering  in  the  tomato  is  onlv  incidentally  associated  w'itb  the  car¬ 
bon;  nitrogen  relationship.  It  mav  be  that  the  stimidation  of  new'  growth  by 
nitrogen  inhibits  flower  initiation.  In  support  of  this  concept  is  the  observa¬ 
tion  that  almost  anv  means  bv  w’hich  growth  can  be  reduced,  sucli  as  bend¬ 
ing  a  branch  from  an  upright  to  a  dow'iiw'ard  position,  results  in  increased 
floral  initiation. 

The  concept  that  flow  er  initiation  is  triggered  bv  minute  chemical  changes 
was  suggested  by  Sachs  in  1865.  But  because  of  the  popularitv  of  the 
nutritional  concepts  of  growth  control,  Sachs’  theories  received  little  sup¬ 
port.  In  1920,  two  years  after  the  Kraus  and  Kravbill  hvpothesis  was  pub¬ 
lished,  a  discovery  w'as  made  that  caused  a  revolution  in  the  concepts  of 
flower  initiation,  and  provided  direct  support  to  the  postulations  of  Sachs. 

Fig.  5-7.  The  presence  of  young  leaves  on  tomato  inhibits  flower  initiation. 


[.\daptfd  from  DiZecuw,  Meded.  Londhouivhogcsch.  Wageningen,  54(l):l-44,  1954.] 
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Fhotoperiodic  Ettect 

Tlie  discovery  of  photoperiodism  by  W.  W.  Garner  and  II.  A.  Allard, 
scientists  of  the  United  States  Department  of  Agricnltnre,  was  made  in 
conjunction  with  a  breeding  experiment.  A  new  variety  of  tobacco  was  de¬ 
veloped  that  flowered  only  in  the  greenhouse  during  the  fall.  Since  most 
varieties  of  tobacco  flower  in  the  summer,  Garner  and  Allard  attempted  to 
pro\ide  the  new  variety  with  environmental  conditions  that  would  cause 
it  to  initiate  flowers  in  the  summer  in  order  to  make  additional  crosses, 
but  no  matter  what  was  used  in  an  attempt  to  reduce  vegetative  growth 
and  initiate  flowering — altering  the  nutrition  of  the  plant,  allowing  it  to 
become  potbound,  w  ithholding  w  ater — they  all  failed.  An  attempt  was  then 
made  to  vary  an  environmental  factor  that  had  not  been  previously  con¬ 
sidered,  namely,  day  length.  The  result  was  the  discovery  that  by  artificially 
shortening  the  daily  exposure  to  light  during  the  summer,  the  new'  \ariety 
of  tobacco  could  be  made  to  flower  as  profusely  as  it  did  in  the  fall. 
Garner  and  Allard’s  research  stimulated  a  great  amount  of  investigation  in 
the  field  now  called  ptiotoperiodism — the  growth  response  of  a  plant  to  the 
length  of  day,  or  more  precisely,  the  length  of  the  light  and  dark  peiiods. 
It  was  soon  found  that  a  great  number  of  plants  responded  to  variations  in 
day  length.  Some  plants  responded  exactly  as  did  the  new'  vaiietv  of 
tobacco,  but  others  responded  in  exactly  the  opposite  way;  that  is,  the\ 
flowered  only  when  the  days  were  long  or  w-ere  artificially  lengthened. 
As  the  results  of  these  many  investigations  accnmnlated,  it  became  ap¬ 
parent  that  a  majority  of  plants  fell  into  one  of  three  categories;  short-daij, 
long-day,  and  day-neutral  plants.  Short-day  plants  initiate  flow'crs  only  when 
the  day  length  is  below  about  12  hours.  These  include  many  of  the  spiing- 
and  fall-flowering  plants,  such  as  chrysanthemum,  salvia,  cosmos,  and 
poinsettia.  Long-dav  plants  initiate  flowers  only  in  day  lengths  exceeding 
12  hours.  They  include  almost  all  of  the  summer-flowering  plants  of  the 
temperate  zones,  such  as  beet,  radish,  lettuce,  spinach,  and  potato.  Day- 
neutral  plants  apparently  can  initiate  flowers  under  any  day  length.  Ihese 
inclnde  the  dandelion,  buckw'heat,  and  many  tropical  plants  that  either 
flower  on  a  vear-ronnd  basis  or,  if  they  do  not,  can  be  shown  to  be  affected 
bv  other  environmental  conditions.  The  tomato  is  a  typical  example  of  a 
dav-neutral  plant,  but  with  proper  control  of  other  environmental  factor.s 
under  certain  temperatnres,  it  has  been  demonstrated  that  the  tomato  will 
i„itiate  a  greater  nnmber  of  flowers  nnder  short  da>  length.  As  the  stndv 
uf  plant  response  to  day  Umgth  continues  other  categories  Ime  been  added. 
For  example,  there  are  nonobligate  long-  or  short-day  plants.  Ihese  are 
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plants  that  will  flower  regardless  of  the  day  lengtli  hut  whieh  will  Hower 
earlier  or  more  profusely  when  the  day  is  either  long  or  short.  A  petunia 
will  flower  either  under  long  or  short  days  hut  will  flowei  hettei  undci 
long  days.  It  is  therefore  classified  as  a  nonohligate,  long-day  plant.  In 
still  another  category  are  the  plants  that  flower  only  after  an  alternation  of 
(lav  l(*n<£ths  and  are  known  as  “long-dav,  short-day  plants.  Such  plants 
re(|nir('  first  an  (wposurc*  to  long  days  and  tluni  to  a  period  of  shoit  da\s. 

The  discovery  of  photoperiodisni  is  particularly  significant  in  that  it 
clearly  demonstrates  the  hormonal  control  of  Ho\\’er  initiation.  The  matin  (^ 
or  ne\\lv  expanded  leaf  is  the  perceptor  of  changes  in  day  length.  In 
some  plants  the  leaves  need  only  to  he  exposed  to  one  light-dark  cycle  of 
the  proper  dav  length  to  cause  flower  initiation.  In  the  majority  of  plants 
se\’eral  to  man\^  c\'cles  are  retpiired.  Once  the  leaves  have  received  the 
photoperiodic  message,  they  produce  a  suhstance,  or  a  precursor  of  a  suh- 
stance,  called  fiorigen.  Unfortunately,  however,  florigen  remains  only  a 
name,  for  it  has  pro\’en  to  he  one  of  the  most  elusi\e  of  all  plant-growth 
substances.  Its  transport  from  the  leaves  to  the  growing  point  can  he  demon¬ 
strated  up  and  down  stems,  across  graft  unions,  and  from  one  plant  to 
another,  hut  the  suhstance  has  not  heen  isolated.  A  major  ad\ance  that 
may  lead  to  the  identification  of  florigen  is  the  recent  isolation  of  the 
pigment  system  called  ))Iu/toc1uome  in  the  leaf,  which  .specifically  receixes 
the  photoperiodic  message.  This  was  discovered  hv  U.  A.  Borthwick  and 
Sterling  B.  Hendricks,  scientists  of  the  United  States  Department  of  .Agri¬ 
culture  (USDA),  and  was  first  reported  in  1959.  Three  important  charac¬ 
teristics  of  photoperiodism  aided  in  the  discovery  of  phvtochrome.  First, 
interruption  of  the  dark  period  with  a  small  amount  of  light  prexents 
floxx’ering  in  short-day  plants  and  permits  floxvering  of  long-dax’  plants 
(Fig.  5-8).  Interruption  of  the  light  period  xvith  hricT  interxals  of  darkness 
has  no  effect  on  floxvering.  The  night-interruption  reaction  is  extremely 
critical  in  some  plants.  It  can  he  shoxvn  that  a  very  xveak  light  (0.3  foot- 
candles  )  is  enough  to  interfere  xxith  the  dark  period  in  cocklehur.  Second, 
red  light  is  the  most  effective  portion  of  the  light  spectrum  producing  the 
night  interruption  effect.  Third,  light  from  the  far  red  portion  of  the 
spectrum  can  completely  rexerse  the  effects  of  the  red  light.  Furthermore, 
the  effect  of  the  far  red  exposure  is  rexersc'd  again  hv  exposure  to  red 
light.  The  direction  of  this  “molecular  shift”  is  determined  hv  the  light 
(piality  (that  is,  red  or  far  red)  of  the  final  exposure.  The  reaction  is 
completely  rexersihle  oxer  a  considerahle  period  of  time,  as  long  as  the 
time  lapse  hetxxeen  exposures  does  not  exceed  a  specific  amount.  In  sum¬ 
mary,  phxtochromc  is  a  pigment  present  in  small  amounts  in  all  plants. 
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Fig.  5-(S.  Photoperiodism  refers  to  the  eontrol  of  fiowerino  by 
the  length  of  light  and  dark  period.  It  is  the  length  of  the  dark 
period  rather  than  the  length  of  the  light  period  that  is  the 
eritieal  faetor.  Short-day  plants  flower  under  periods  of  long 
night.  Long-day  plants  flower  under  periods  of  .short  night.  1  he 
flowering  effeet  ean  he  reversed  by  sub.stituting  red  and  far  red 
light  during  night  interruption. 

[Aclaptfd  from  Galston,  The  Life  of  the  Green  Plant,  Prentice-Hall.  Emjlewood 
Cilitfs,  1961.] 


Under  sliort-dav  conditions  an  interruption  of  the  dark  period  with  red 
liuht  causes  a  molecular  shift  in  phytochrome  that  brings  about  flowering 
in  long-dav  plants  and  prevents  flowering  in  short-day  plants.  The  reason 
for  this  differential  response  is  not  known.  The  action  of  fai  led  light  can 
reverse  the*  rt'd  effect.  In  addition,  this  shift  is  also  influenced  b\  the 
length  of  the  dark  period  and  by  temperature.  This  may  explain  the  light- 
temperature  relationship  in  photoperiodism  and  may  explain  why  tin* 
light  break  is  most  effecti\e  at  the  middle  of  the  dark  period. 

Phytochrome  appears  to  have  many  effects  upon  growth  and  develop¬ 
ment.  It  has  been  shown  to  be  re.sponsible  for  the  promotion  and  inhibition 
of  germination  in  seeds  of  some  plants.  In  lettuce,  .seed  germination  can 
be  inhibited  or  promoted  by  alternating  red  and  far  red  light.  .Mthough  all 
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sofcls  contain  ph\'toclirome,  many  plants  do  not  rccpiiie  this  light  signal 
to  germinate. 

Although  the  discovery  of  phytochrome  has  made  a  very  significant  con- 
trihntion  toward  explaining  the  mechanism  of  flower  initiation,  a  vast 
amount  of  experimentation  must  be  done  before  the  substances  specifically 
iinoKed  in  the  transition  of  the  apical  meristems  from  the  vegetative  to 
the  flowering  condition  can  be  isolated  and  their  mode  of  action  determined. 

The  emphasis  placed  upon  photoperiodism  should  not  be  interpreted  as 
being  an  indication  that  it  has  exclusive  control  over  flowering.  Tempera¬ 
ture,  for  example,  has  both  an  indirect  and  a  direct  effect  upon  flower  initi¬ 
ation.  It  can  influence  flowering  indirectly  by  modifying  the  plant  response 
to  a  given  photoperiod.  Thus,  a  poinsettia  will  initiate  and  develop  flowers 
in  65  da\\s  when  grown  under  short-day  conditions  at  7()°F.  When  grown 
under  the  same  conditions  at  60°F,  however,  85  days  are  required  before 
initiation  occurs.  A  more  striking  example  is  that  of  the  strawberry.  At  tem¬ 
peratures  above  67°F  the  June-bearing  strawberry  behaves  as  a  short-day 
plant  and  will  not  initiate  flowers  in  day  lengths  longer  than  12  hours.  At 
temperatures  below  67°F  its  response  is  that  of  a  day-neutral  plant,  and 
the  plant  will  initiate  flowers  even  in  continuous  illumination. 

Xernalization 

The  direct  effect  of  temperature  upon  flowering  was  recognized  over  a 
hundred  years  ago  by  the  Russian  worker  Klippart.  He  described  a  process 
whereby  it  was  possible  to  “convert”  winter  wheat  into  spring  wheat 
( winter  wheat  is  planted  in  the  fall  and  produces  a  crop  the  following 
year;  spring  wheat  produces  a  crop  in  the  same  year  it  is  planted).  The 
process  consisted  essentially  of  reproducing  the  process  that  occurs  in  the 
field.  Klippart  partially  germinated  the  winter  wheat  and  then  prevented 
further  development  by  maintaining  the  seed  at  a  temperature  near  freez¬ 
ing.  Ihe  treated  seed  was  planted  in  the  spring,  and  it  produced  a  crop 
ill  the  same  year.  Therefore,  the  normal  biennial  habit  of  the  winter  wheat 
had  been  eliminated,  or,  more  correctly,  the  cold  reijuirement  was  satisfied. 
Klippart  s  research  did  not  receive  much  attention  until  his  work  was  re- 
pt  ate  d  bv  the  contiov  eisial  Russian  agronomist  Lvsenko.  The  phenomenon 
was  characterized  as  being  the  effect  of  temperature,  during  one  or  more 
of  the  developmental  phases  of  plant  growth,  upon  future  flowering  be¬ 
havior,  and  was  named  vermdizatkm  by  Lvsenko.  Since  Lvsenko’s  work  in 
1928,  a  considerable  amount  of  research  has  been  devoted  to  mechanisms 
of  the  cold  response.  A  vernalized  plant,  that  is,  a  plant  which  has  been 
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gi\en  a  cold  treatment,  can  be  graited  on  to  a  nonvernalized  plant,  and 
both  will  flower.  The  implication  is  that  a  snl)stanee  has  passed  from  the 
v’ernalized  plant,  across  the  graft  union,  to  the  nonvernalized  plant.  A 
similar  experiment  has  been  conducted  with  annual  and  biennial  forms  of 
the  same  plant,  such  as  henbane.  The  annual  form  reejuires  no  cold  treat¬ 
ment  to  Bower,  and  w4ien  grafted  onto  the  biennial  form  causes  the  latter 
to  flow'd'.  Apparently  the  annual  form  produces  the  flowering  stimulus 
without  a  cold  treatment.  In  w'heat,  this  difference  between  annual  (spring) 
and  Inennial  ( winter )  forms  of  wheat  has  been  shown  to  be  controlled  by 
a  single  gene,  which  might  indicate  that  a  single  compound  is  involv'cd. 
Although  the  flower-inducing  substance  produced  during  vernalization  has 
not  been  isolated,  a  clue  to  its  identit)'  is  found  in  the  fact  that  the  cold 
re(juirement  of  some  plants  can  be  partially  or  completely  replaced  with 
gibberellic  acid. 

Further  e\idence  that  temperature  can  liaxe  a  profound  affect  upon 
flowering  is  provided  in  the  phenomenon  of  dex  ernalization.  Plants  exposed 
to  a  cold  period  of  the  proper  temperatnre  (41°F)  for  a  sufficient  period 
of  time  (usuallv  at  least  six  weeks),  such  that  they  would  normally  flow'er, 
can  be  reverted  back  to  their  original  nonflowering  condition  by  exposure 
to  high  temperature.  Onion  grow'ers  take  advantage  of  the  devernalization 
on  a  commercial  scale.  Onion  sets  are  stored  during  the  winter  at  tempei- 
atures  near  freezing  to  retard  spoilage.  The  onion  sets  are  vernalized  at  this 
temperature,  and  if  thev  were  planted  directly  from  cold  stoiage  in  the 
spring,  the  set  would  (juicklv  flow'er,  and  no  bulb  would  be  formed.  There¬ 
fore,  the  onion  sets  are  exposed  to  temperatures  above  80°  for  2-3  weeks 
bt'fore  planting.  The  sets,  now'  being  devernalized,  will  not  flower  but  will 

form  bulbs. 


.\lthough  photoperiodism  and  vernalization  appear  to  hav’e  many  similaii- 
ties,  and  are  definitely  interrelated,  the  stimuli  produced  in  the  two  re¬ 
sponses  to  en\ironment  do  not  seem  to  be  identical.  Evidence  foi  this  sup¬ 
position  is  taken  from  experiments  in  w'hich  it  is  possible  to  separate  the 
effect  of  vernalization  from  those  of  photoperiodism.  For  example,  most 
biennial  plants  when  supplied  the  reepured  exposure  to  low  temperature 
still  will  not  flower  unless  they  are  placed  under  the  proper  day  length. 
Similarly,  where  gibberellins  replace  the  cold  rc(|nirement,  flower  initiation 

w'ill  not  ocenr  unless  the  day  length  is  correct. 

In  addition  to  these  temperature  effects  it  has  been  shown  that  the  alter¬ 
nation  of  warm  and  cool  temperatnres  also  influences  flowering.  This  is 
the  phenomenon  of  thermal  pcriodicitij.  The  cla.ssic  example  is  the  tomato, 
which  will  initiate  more  flowers  when  grown  at  a  cycle  of  80°h  dining 
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tin*  (lay  and  63-68  F  during  tlic  nigl 
night  Ifinpcraliirc'S.  3’his  phenomena 
enltnre. 


it  tlian  when  grown  at  liiglu'r  or  lower 
has  been  utilized  in  greenhouse  tomato 


Moisture  Effects 

Moistnr(‘  is  another  einironmental  factor  which  may  influence  flower 
initiation.  For  (wample,  if  Rhododendrons  are  subjected  to  a  period  of  rainy 
w'eather  during  the  fall,  which  is  when  this  plant  normally  initiates  How'ei 
buds,  most  of  the  buds  w  ill  be  vegetative.  Many  otlier  woody  plants  respond 
similarly.  It  can  be  regularly  obserxed  that  flowering  in  the  spring  is  much 
more  abundant  after  a  dry  summer 
and/or  fall  than  after  a  wet  sum¬ 
mer  and  fall.  Those  w’ho  emphasize 
the  nutritional  role  in  flow’er  initi¬ 
ation  interpret  this  effect  of  mois¬ 
ture  as  being  due  to  a  fax’orable 
carbohvdrate:  nitrogen  relationship. 

In  rainv  weather,  the  production 
of  carbohydrates  is  reduced  to  a 
lex  el  that  is  too  low^  to  provide  the 
balance  necessarv  for  flow'ering.  As 
pointed  out  before,  however,  this 
interpretation  appears  to  be  an 
oversimplification  of  a  rather  com¬ 
plex  problem. 

Time  of  Flower  Initiation 

The  time  at  wdiich  the  initiation 
of  flowers  takes  place  is  of  particu¬ 
lar  importance  to  the  horticultural- 
ist.  Many  perennial  plants,  both  wx)ody  and  herbaceous,  initiate  flower 
primordia  from  several  to  many  months  before  flowering  (Fig.  5-9).  In  the 
apple,  for  example,  flow'er  buds  are  initiatc^l  from  june  to  August,  depending 
upon  the  variety.  Flowering  occurs  during  the  following  spring.  In  june- 
bearing  strawberries  the  How'ers  are  initiated  in  .\ugust  and  September, 
when  the  days  become  short.  Attempts  to  obtain  two  crops  from  plants 
that  normally  produce  one  have  been  made  in  Holland.  The  plants  are  sub- 
jc'cted  to  short  day  length  immediately  after  the  first  crop  is  harxested 
rather  than  xxaiting  for  it  to  occur  naturally  in  late  sumnK'r  or  fall. 


Fig.  .5-9.  llw  crocus  floiccrs  in  the  carlif 
sj)rin^  from  hiids  initiated  the  previous 
sionmcr. 

[Fhotonraph  In-  J.  C.  Allen  &  Son.] 
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Sex  Expression 

1  lie  enN’ironiiK’ul,  lii'sides  liaxing  a  prolouiKl  inllufiice  upon  (lower  initi¬ 
ation,  can  also  iiiHiience  tlie  snl)se(nient  ditterentiation  of  the  flower.  This 
phenomenon  is  best  seen  in  sex  expression.  In  the  normal  se(pience  of 

exents,  the  first  flowers  produced 
in  the  eucnrbits  are  male.  ( Fig. 
5-10).  As  growth  continues  tlu're 
is  an  alternation  of  male  and  female 
flowers;  eventually  only  female 
flowers  are  initiated.  If  the  plants 
are  grown  under  long-day  condi¬ 
tions  and  cool  temperatures  there  is 
an  increase  in  the  ratio  of  female  to 
male  flowers.  The  effect  of  nutrition, 
photoperiod,  and  temperature  has 
been  demonstrated  to  affect  sex  ex¬ 
pression  in  many  plants. 


Fruit  Develoj)ment 

Fruit  development  can  be  con¬ 
veniently  divided  into  four  phases: 

( 1 )  initiation  of  the  fruit  tissues, 

(2)  prepollination  development, 
(.3)  postpollination  growth,  and 
(4)  ripening,  maturation,  and  se¬ 
nescence.  The  origin  of  the  fruit 
is  found  in  the  initiation  of  the 
floral  primordia,  which  usually  de¬ 
velops  concomitantly  with  the 

_  flower.  The  increase  in  fruit  size 

Fig.  5-10.  The  normal  sequential  (level-  in  the  prepollination  phase  of  de- 
opment  of  male  and  female  flowers  on  velopment  is  primarily  the  result  of 
the  acorn  scpiash.  cell  division,  .^fter  pollination,  cell 

[Adapted  from  Nitsch,  Kurtz,  Liverman,  and  XV  ent,  enlargement  is  reSOOUSible  for  tlu' 
Am.  }.  Hotaiiy,  ,19:32-43,  19.'52.]  B 

major  portion  of  size  increase,  lloxv- 
ever,  in  some  large-fruited  plants  (for  e.xample,  watermelon  and  stpiash) 
cell  division  continues  for  .some  time  after  pollination,  the  final  size  being 
a  con-setiuence  of  both  an  increase  in  cell  number  and  in  cell  size.  The 
stimuli  and  nutrients  for  prepollination  growth  are  supplied  primarily  by 
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the  main  body  of  tlie  plant.  In  plants  having  perfect  flowers  the  stamen 
rimordia  are  often  differentiated  before  the  ovary  primordium,  and  ha\'e 
been  shown  to  be  a  source  of  growth  stimulus.  Surgical  removal  of  the  im¬ 
mature  stamens  in  the  flower  bud  adversely  affects  the  growth  of  the 
o\ary  if  the  operation  is  performed  at  an  early  stage  of  development.  Ex¬ 
traction  of  the  unripe  anthers  reveals  the  presence  of  large  amounts  of 
auxin. 

Pollination 

One  of  the  most  critical  points  in  the  growth  and  development  of  a 
fruit  is  pollination.  Pollination  has  at  least  two  separate  and  independent 
functions.  The  first  is  the  initiation  of  the  physiological  processes  which 
culminate  in  “fruit  set”  or,  more  precisely,  in  inhibition  of  fruit  or  flower 
abscission.  The  second  function  of  pollination  is  to  provide  the  male  gamete 
for  fertilization.  That  these  two  functions  are  indeed  separate  can  be 
demonstrated  bv  the  use  of  dead  pollen.  In  the  orchid  the  use  of  dead 
pollen  results  in  fruit  set  and  some  growth,  but  fertilization  is  not  possible. 
A  more  precise  demonstration  of  the  multiphase  function  of  pollen  is  the 
use  of  a  synthetic  auxin  (Fig.  5-11).  Here  again  fruit  set  is  obtained.  The 
fact  that  water  extracts  of  pollen  are  also  effective  in  inducing  fruit  set 
has  led  to  the  postulation  that  the  pollen  contains  an  auxin.  But  the  minute 

Fig.  .5-11.  Other  than  providing  the  male  gametes,  pollination  prevents  abscis¬ 
sion  of  the  flower.  This  role  of  the  pollen  may  he  replaced  by  the  application 
of  auxin. 

[From  Bonner  and  Calston,  Principles  of  Plant  Pht/sioloau,  Freeman,  San  Francisco,  1952;  after 
Averv'  and  Johnson.] 
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amount  of  auxin  present  in  the  pollen  that  lands  on  a  stigma  nsuallv  can¬ 
not  account  for  the  auxin  response  obtained.  Instead  it  seems  that  the  pollen 
contributes  either  an  enzyme  tluit  converts  auxin  precursors  present  in  the 
stigma  to  auxin  or  pro\ides  a  synergist  that  renders  effective  the  auxin 
already  present. 

E\en  though  pollination  takes  place,  and  fruit  set  is  obtained,  fertilization 
is  not  absolutely  assured.  Sometimes  pollen  does  not  germinate,  or  if  it 
does,  the  pollen  tube  may  burst  in  the  st\'le.  The  germination  of  pollen 
is  dependent  upon  the  presence  of  a  medium  of  the  proper  osmotic  con¬ 
centration  ( as  shown  by  the  effect  of  \arions  sugar  concentrations  upon 
germination)  and  is  stimulated  by  the  presence  of  certain  inorganic  sub¬ 
stances  such  as  manganese  sulfate,  calcium,  and  boron.  In  the  lily  it  has 
been  shown  that  the  his;hest  concentration  of  boron  occurs  in  the  st^■le 

O 


and  stigma. 

In  addition  to  the  presence  of  organic  and  inorganic  substances  present 
in  and  on  the  stigma,  which  stimulate  germination,  there  is  also  ex  idence 
for  the  existence  of  substances  that  chemically  attract  the  growth  of  the 
pollen  tube.  If,  for  example,  a  slice  of  lily  stigma  is  placed  on  an  agar 
medium  containing  sucrose  and  boron,  and  is  surrounded  by  a  ring  of 
pollen  placed  at  a  distance  from  the  stigma,  all  the  pollen  tubes  will  grow 
in  the  direction  of  the  stigma. 

If  the  growth  of  the  pollen  tube  is  very  slow  the  style,  or  even  the 
entire  flower,  mav  absciss.  This  may  be  artificially  prevented,  howexer,  by 
the  application  of  auxins  such  as  a-naphthalene  acetamide.  This  technitpie 
is  particularly  valuable  to  plant  breeders,  xxho  through  the  use  of  auxins 
are  noxx’  able  to  obtain  seed  from  strains  of  petunia,  cabbage,  and  marigold, 
xx’hich  otherxxise  xx'ere  considered  self  sterile.  When  fruit  set  and  gioxxth 
are  obtained  either  by  pollination  or  by  the  application  of  an  auxin,  but 
fertilization  does  not  take  place,  the  fruit  is  said  to  be  “parthenocarpic. 
Although  no  seeds  are  present,  seedlike  structures  may  dex’elop,  as  in  tlu 
case  in  some  seedless  x  arieties  of  holly,  oranges,  and  giapes. 

The  effect  of  pollination  on  fruit  .set  and  the  influence  of  the  resultant 
seed  on  fruit  groxvth  make  pollination  a  crucial  phase  in  the  production  of 
many  fruit  crops.  For  example,  in  apple  and  pear,  where  genetic  incom¬ 
patibility  prevents  self  pollination  xvithin  the  same  clone,  more  than  one 
pollen-fertile  variety  must  be  present  to  assure  pollination.  As  pollen  is 
transferred  by  insects,  bees  are  often  reared  for  this  purpose  (Fig.  5-12). 

Although  pollination  has  the  txvo  major  functions  of  fruit  set  and  fertili¬ 
zation,  there  is  still  another  interesting  but  uncommon  effect  called  “meld- 
xciiia,"  the  direct  influence  of  pollen  on  the  maternal  tissues  of  the  fruit. 
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Fiji.  5-12.  77ir  cffcci  of  pollinuiion  on  fniii  set  and  the  infinence 
of  the  re.snllanl  seed  on  fruit  growth  make  pollination  a  crucial 
phase  in  the  production  of  nianij  cro))s  ^rown  for  their  fruits, 
lor  example,  in  apple  and  pear,  where  genetic  incompatihiliti/ 
prevents  .self-pollination  within  the  .same  elone.  more  than  one 
pollen-fertile  varietij  must  he  pre.sent  to  a.s.snre  pollination.  Since 

pollen  IS  transferred  In/  insects,  bees  are  often  reared  for  this 
pnrpo.se. 

[I’hotojriaphs  l)>  J,  c:.  Allen  &  Son.] 
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In  the  date  palm,  a  dioecious  plant,  the  pollen  affects,  in  addition  to  fruit 
set  and  pollination,  the  size  of  the  fruit  and  date  of  ripening.  This  influence 
of  the  pollen  variety  can  l)e  demonstrated  by  using  one  strain  of  pollen  to 
fertilize  a  number  of  female  inflorescences  of  different  date  \'arieties.  This 
effect  is  in  contrast  to  the  direct  effect  of  pollen  on  embryonic  or  endo¬ 
sperm  tissue,  referred  to  as  xcnia.  The  colored  kernels  of  Indian  corn  are  a 
good  example  of  xenia. 


Post  Fertilization  Development 

After  fertilization,  the  plant  enters  into  a  phase  of  physiological  acti\ity 
that  is  second  in  intensity  only  to  germination.  The  developing  fruit  no 
longer  depends  primarily  upon  the  parent  plant  for  a  source  of  growth 
stimuli  but  are  instead  receixed  from  developing  seed  within  the  fruit.  I'he 
role  of  the  seed  can  be  empirically  demonstrated  by  observing  that  mis¬ 
shapen  fruits  result  from  uneven  distribution  of  seeds.  In  many  fruits  direct 
correlation  exists  between  either  weight  or  length  and  seed  number.  This 
effect  of  the  seed  on  fruit  development  is  mediated  through  chemical 
substances.  For  example,  extracts  of  immature  seeds  can  stimulate  growth 
of  nnpollinated  tomatoes.  Furthermore,  it  is  possible  to  correlate  various 
physiological  events  in  the  development  of  a  fruit  with  the  presence  of 
growth  substances.  It  has  been  demonstrated  that  the  auxin  levels  reach  a 
low  at  the  time  of  flower  drop,  and  particularly  during  the  natural  abscis¬ 
sion  of  partially  developed  fruit  that  occurs  when  a  heavy  crop  is  obtained 
in  fruit  trees,  known  in  horticultural  terminology  as  the  “June  drop.  The 
relationship  between  natural  auxin  level  and  fruit  development  is  shown 
in  Fig.  5-13.  The  growth  of  the  strawberry  receptacle  also  has  been 


Fig.  5-13.  The  relation.ship  of  internal  auxin  levels  and  fruit 
drop  in  the  aj)})le. 

[Adapted  from  Liickvvill,  }.  Ilort.  Sci.,  28:14-24,  1953.] 
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Growth  of"  receptacle 
induced  by  one 
achene 


Growth  of  receptacle 
induced  by  three 
achenes 


Normal  growth  of 
receptacle  Induced 
by  many  achencs 


Fig.  5-14.  Devclopiu(^  seeds  are  a  source  of  stimulus  for  fruit  growth.  In  the 
strawl)ern/,  when  all  the  aehenes  except  one  are  removed,  only  the  recep- 
taele  tissue  directly  under  the  achene  will  enlarge.  If  additional  aehenes 
remain,  additional  areas  of  the  receptacle  will  develop.  The  stimulus  from 
the  seeds  can  he  replaced  in  part  by  the  application  of  auxin. 

[From  Bonner  and  Galston,  Principles  of  Plant  Phi/sioloiiti,  Freeman,  San  Francisco,  1952;  after 
Xitsch.] 


prevented  by  removal  of  the  aehenes — one-seeded  fruits.  If  one  or  two 
aehenes  w'ere  left  intaet  the  receptacle  would  grow'  only  in  the  area  direetlv 
under  the  achene  (Fig.  5-14).  The  aehenes  wore  e.xtracted  and  found  to 
contain  high  levels  of  auxin,  whereas  the  receptacle  tissue  w  as  compara¬ 
tively  low'  in  auxin  content.  Finally,  the  addition  of  an  auxin  in  the  form 
of  indoleacetic  acid  ( lAA )  dramatically  stimulated  the  grow  th  of  an  achene- 
less  receptacle.  Indoleacetic  acid  has  been  demonstrated  to  be  at  \er\' 
high  levels  in  immature  corn  kernels.  More  recent  studies  indicate  that 
there  are  present  in  the  developing  seeds  many  growth-promoting  sub- 
.stances  that  stimulate  fruit  growth,  such  as  .several  auxins,  gibberellin-like 
compounds,  and  substances  capable  of  stimulating  cell  division.  The  embiwo 

and  the  endospeim  appear  to  be  the  primarv  sources  of  the  grow  th  sub¬ 
stances. 


Xiitrition  and  Fruit  Growth 

Although  the  control  center  of  fruit  growth  is  located  in  the  seed,  the 
law  materials  for  fruit  development  are  supplied  bv  the  plant.  Thus,  the 
nutrition  and  moisture  availability  of  the  plant  direetlv  affect  fruit  size.  It 
has  been  calculated  that  at  least  40  leaxes  on  a  mature  apple  tree  are 
rec, Hired  to  support  the  growth  of  one  apple.  If  the  forty  to  one  ratio  is 
substantially  reduced  by  an  abnormally  high  fruit  set,  the  (pialitv  and  size 
of  the  individual  fruits  is  greatly  reduced.  Therefore,  it  is  now  a  common 
oiciard  practice  to  artificially  reduce  the  number  of  fruit.  This  is  known 
as  fruit  thinnino,  and  will  be  discussed  in  Chapters  7  and  8. 
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Ripening 

A  final,  dramatic  physiological  c\’ciit  marks  the  end  ol  maturation  and 
the  beginning  of  senescence  of  the  fruit.  This  is  the  elimacterie.  It  is  char¬ 
acterized  by  a  marked  and  sudden  rise  in  the  respiration  of  a  fruit  prior 
to  senescence,  and  takes  place  without  the  influence  of  external  agents. 
The  respiration  rate  then  returns  to  a  level  ecjual  to  or  below  that  which 
existed  prior  to  the  climacteric.  The  climacteric  is  associated  not  only  with 
the  (juantitative  burst  in  carbon  dioxide  production  but  also  with  ((ualitati\  e 
changes  related  to  ripening,  such  as  pigment  changes.  The  transition  from 
green  to  vellow  in  certain  varieties  of  apple,  pear,  and  banana  takes  place 
during  or  immediatelv  following  the  climacteric.  The  peak  of  acceptability, 
or  “edible  ripeness,”  of  pears  coincides  with  the  peak  of  the  climacteric. 
In  apple,  banana,  and  avocado,  maximum  acceptability  is  reached  im¬ 
mediatelv  after  the  climacteric.  Finallv,  a  marked  increase  in  the  suscepti- 
bilitv  of  fruits  to  fungal  invasion  follow's  the  climacteric. 

The  occurrence  and  causes  of  the  climacteric  are  currently  under  study. 
.\lmost  all  fruits  studied  exhibit  a  characteristic  rise  in  respiration  after 
the  harvest,  with  the  exception  of  most  citrus  fruits.  The  lemon,  when  held 
in  an  atmosphere  containing  at  least  33%  carbon  dioxide,  will  exhibit  a 
climacteric.  The  degree  and  duration  of  the  rise  varies  considerably  be¬ 
tween  species,  from  a  short  intense  peak  for  the  a\'ocado  to  a  longei,  less 
definite  peak  for  the  apple.  Explanations  for  the  climacteric  rise  in  respi¬ 
ration  are  varied.  One  hvpothesis  holds  that,  prior  to  the  climactciic  lise, 
the  acidity  of  the  cvtoplasm  decreases  to  a  critical  level,  which  in  turn  in¬ 
creases  the  permeabilitv  of  the  cell  membranes.  Then,  fructose,  which 
previously  had  been  accumulated  in  the  Nacuole,  can  move  back  into  the 
cytoplasm  and  provide  a  substrate  for  increased  respiiation. 

.\  second  hvpothesis  involves  adenosine  diphosphate  (ADP)  and  adeno¬ 
sine  triphosphate  (ATP),  compounds  that  are  related  to  energy  transfer 
in  the  cvtoplasm.  During  respiration,  a  part  of  the  energy  released  is  pre¬ 
served  in  the  coiwersion  of  ADP  to  ATP;  that  is,  the  addition  of  a  phosphate 
to  .\DP  in  the  presence  of  energy  results  in  the  formation  of  a  high-entigv 
bond.  This  bond  can  later  be  broken  to  release  energy  for  use  m  synthesis. 
The  rate  of  respiration  may  be  limited  by  the  amount  of  ADP  a\'ailable 
for  accepting  a  high-energy  phosphate  bond.  It  is  postulated,  therefore, 
that  during  fruit  maturation,  when  there  is  rapid  cell  enlargement  and  a 
high  demand  for  protein  .synthesis,  there  is  a  shortage  of  ADP.  Hut  as  the 
fruit  matures,  ADP  becomes  aNailable,  and  the  respiration  rate  increases. 
Evidence  for  this  hvpothesis  is  that  the  addition  of  ADP  to  tissues  of  im- 
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inatiire  fruit  causes  an  increase  in  respiration,  l)ut  as  maturation  pi  ogi  esses 
the  response  decreases  until  it  is  completely  lost  during  the  elimaeteiie. 

As  with  any  physiological  ev'cnt,  temperature  has  a  profound  effect  upon 
maturation  and  the  climacteric.  For  example,  a  comparison  of  respiration 
has  been  made  between  apples  held  at  36°!"  and  apples  held  at  73  F.  The 
maximum  respiratory  acti\  it\’  is  •5—6  times  as  high  at  o3  F  as  at  .36  F,  and 
it  takes  25  times  as  long  to  reach  the  climacteric  at  the  lower  temperature. 
However,  the  total  amount  of  CO:,,  liberated  during  tbe  time  bet\\'een 
harvest  and  the  end  of  storage  life  was  approximately  the  same  for  botli 
temperatures,  eijuivalent  to  16—207  of  the  reserv'e  carbohydrates  initially 
present  in  the  fruit.  In  pears  a  pattern  was  established  similar  to  that  for 
apples  at  the  two  temperature  extremes,  but  tbe  rates  of  CO^  evolution 
were  much  higher  and  the  storage  life  much  shorter. 


SENESCENCE 


Senescence  refers  to  the  erosive  processes  that  accompany  aging  prior  to 
death.  This  process  is  one  of  the  most  baffling  and  least  understood  of  tbe 
developmental  processes. 

Senescence  in  plants  may  be  partial  or  complete.  Partial  sensecence  refers 
to  the  deterioration  and  death  of  plant  organs  such  as  leaves,  stems,  fruits, 
and  flowers.  Examples  are  the  death  and  abscission  of  cotyledons  in  bean 
plants,  the  death  of  two-year-old  raspberry  canes,  or  the  death  of  the  entire 
shoot  of  tulip  in  the  early  summer.  Complete  senescence  refers  to  the  aging 
and  death  of  the  entire  plant  except  for  the  seeds.  The  termination  of 
the  life  c)’cle  of  true  annuals  and  biennials  is  often  sudden  and  dramatic. 
After  fruiting,  whole  fields  die  in  a  synchronized  pattern  during  the  early 
or  middle  part  of  the  growing  season  (for  example,  spinach,  corn).  In 
contrast,  the  senescence  of  such  perennial  plants  as  the  apple  or  peach 
appears  as  a  gradual  erosion  of  growth  and  \  iabiht\’.  In  addition,  perennials 
can  be  rejmenated.  Mature  apple  trees  may  be  revitalized  by  se\ere 
pruning  and  fertilization  or  by  encouraging  the  growth  of  adventitious 
buds  at  the  base  of  the  tree.  The  senescence  of  annual  plants  can  be  sbown 
to  be  1  elati\  elv  iiieveisible,  and  is  associated  witb  flowering  and  fruiting. 
Spinach  plants  kept  \'egetati\’e  under  short  davs  will  not  senesce.  After 
having  been  induced  to  flower  thev  will  surely  die. 

1  he  older  concepts  explaining  the  .sene.scence  of  annual  plants  are  as¬ 
sociated  with  a  depletion  hypothesis.  It  is  suggested  that  during  flowering 
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Fig.  5-1.5.  Tlw  separation  of  bolting 
and  fiowerin^  effects  on  senescence. 
I'reatnients  from  left  to  ri»ht:  ( 1 ) 
short  daij;  ( 2 )  short  daij  +  ^ihberellic 
acid;  (S)  lon^  dai/;  (4)  lon^  daij + 
oibberellic  acid.  Note  that  the  phe- 
noinenon  of  bolting  does  not  lead  to 
senescence  unless  it  is  associated  with 
fiowering  induced  bi/  long  dai/s. 

[From  [anick  and  Leopold.  Sature,  192:887- 
888,  1961.] 


and  huiting  essential  metabolites  are  drained  from  the  main  plant  and 
aeenmnlate  in  the  fruit  and  seed.  By  the  time  the  fruit  is  mature  the  plant 
is  depleted  to  the  point  that  further  grow  th  is  impossible,  and  death  rapidly 
follows.  It  can  be  shown  that  the  remox  al  of  fruits  can  significantly  postpone 


senescence  and  death.  It  has  also  been  observed  that  the  greater  the  num¬ 
ber  of  flowers  or  fruits  on  an  individual  plant,  the  more  rapid  is  senescence 
and  death. 

However,  the  depletion  concept  of  senescence  is  an  oversimplication  ol 
a  complex  process.  Unpollinated  pistillate  plants  and  staminate  plants  of  a 
dioecious  plant  such  as  spimich  also  senesce.  In  these  plants  senescence 
can  be  postponed  bv  the  removal  of  de%’eloping  flowers,  but  death  can¬ 
not  be  axerted.  Clearlv,  there  is  no  depletion  of  the  plant  to  account  foi 
this  effect.  It  can  further  be  shown  that  the  seed  stalk  formation  that  ac¬ 
companies  flowering  is  distinct  from  senescence,  since  spinach  plants  in¬ 
duced  to  bolt  through  the  use  of  gibberellic  acid,  but  kept  vegetative,  do 
not  senesce  (Fig.  5-15).  Apparently,  the  biological  signal  that  causes  an 
annual  plant  to  senesce  and  die  is  associated  only  with  the  floweiing 
process  and  is  merely  accentuated  through  fruiting.  The  relationship  be¬ 
tween  the  senescing  signal  and  flowering  is  not  at  all  cleai. 
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Coiitrolliiio;  the  Plant 

O 

Eiiviroiiineiit 


As  Jiian  increases  his  dominion  over  tlie  eartli  lie  must  not  only  satisfy 
liis  own  narrow  limits  of  survival  but  must  control  the  enxironment  of  his 
plants.  This  may  in\olve  pixniding  moisture  where  none  may  be  expected 
to  occur  naturally  or  may  ixxpiire  building  elaborate  structures  that  literally 
house  plants  oxer  their  entire  productive  life.  The  environmental  factors 
most  amenable  to  modification  are  soil,  light,  temperature,  and  moisture. 

.Although  the  modification  of  the  environmental  factors  affecting  plant 
growth  are  discussed  more  or  less  individually  in  this  chapter,  their  inter¬ 
relationships  must  be  kept  in  mind.  For  example,  temperature  and  light 
interact  in  their  effects  on  plant  growth  and  development.  Thus,  temper¬ 
ature  must  be  considered  not  only  in  relation  to  day-night  fluctuations  but 
with  respect  to  day  length.  Similarly,  soil  fertility’ and  water  availability 
are  intimately  related.  The  alteration  of  one  factor  very  often  affects  an¬ 
other.  For  example,  the  control  of  temperature  in  a  greenhouse  by  shad¬ 
ing  affects  light  availability.  The  successful  culture  of  the  plant  depends 
on  the  jnoper  synchronization  of  these  environmental  modifications.  This 
chapter  iinoKes  a  discussion  of  ein  ironmental  control  in  relation  to  plant 

grou'th.  The  control  of  em  ironment  in  relation  to  storage  is  discussed  in 
Cdiapter  11. 


SOIL  MAX  AGE  Mb:  NT 

The  s„il  provi.les  support  fur  tl,c  plant  and  is  tl.e  storellouse  of  plant 
tr  -n  s  an  water  as  well  as  nf  nss  gen  for  rnnt  growth.  The  ahili  s 
MUI  t„  support  plant  growth  is  often  referred  to  as  its  prchclUc 
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irso 

('(ipaciti/.  Tlie  soil’s  producti\'o  capacity  must  he  considered  in  terms  of 
fertilit\’  and  plivsical  condition.  It  is  not  enougli  that  the  nutrients  neces¬ 
sary  for  giamth  l)e  contained  in  the  soil;  they  must  he  released  in  a  form 
readily  ayailahle  to  the  plant.  Furthermore,  the  soil  must  he  conseryed; 
it  is  a  renewable,  hut  not  an  easily  replaceable,  natural  resource.  Soil 
management  is  concerned  with  the  sustained  use  of  land  and  with  eco¬ 
nomic  crop  production. 


Maintenance  of  Soil  fertilitij 

Soil  fertility,  the  nutrient  supplying  capacity  of  the  soil,  inyohes  the 
amount  and  ayailahility  of  plant  nutrients  (see  Chapter  4).  The  recog¬ 
nition  of  soil  fertility  as  a  factor  in  crop  response  is  recorded  in  ancient 
Cheek  writings,  as  is  the  supplemental  use  of  manure  on  soils  to  improye 
plant  growth.  The  use  of  coyer  crops,  the  mixing  of  soils,  and  the  addition 
of  lime  and  salts  to  increase  the  productiyity  of  soils  are  found  in  Roman 
agricultural  treatises.  Neyertheless,  it  was  not  until  well  into  the  nineteenth 
century  that  the  role  of  inorganic  nutrients  in  soil  fertility  was  understood. 
The  study  of  soil  fertility  today  is  intimately  inyolyed  with  microbiology, 
chemistry,  and  physics. 

The  maintenance  of  soil  fertility  is  concerned  with  adjusting  the  current 
supply  of  ayailahle  nutrients  to  optimum  leyels  for  economic  crop  produc¬ 
tion.  The  inherent  fertility  of  the  soil  is  related  to  the  factors  that  con¬ 
tributed  to  its  formation,  namely,  the  parent  minerals  from  which  the 
inorganic  content  of  soil  was  formed,  the  topography,  the  climate,  the 
natin-al  yegetation,  and  time.  The  fertility  of  “x  irgin”  soil— soil  that  has  not 


Fig.  6-1.  Influence  of  nmn  on  the  fcrtilitij  and  organic  rnaftet 
of  the  soil. 

[Adapted  from  Jenny,  Factors  in  Soil  Formation.  McGraw-Hill.  New  York,  1941.] 
U 
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Soil  Maiuii'cmcnt 

heon  clisturhed  hv  cultivation — readies  an  ecjuilihriuin  sueli  tliat  tlie  nu¬ 
trients  released  efjual  tliose  wliieli  are  lost.  The  inherent  fertility  of  virgin 
soils,  w'hich  varies  greatly,  may  become  depleted  when  the  soil  is  brought 
under  cultivation  (Fig.  6-1 ).  This  is  brought  about  by  crop  removal  (Table 
6-1)  and  mineralization  of  organic  matter.  In  addition,  the  removal  of  a 


Table  6-1.  Approximate  amounts  in  pounds  per  acre  of  soil  nutrients  removed  by 
fruit  and  vegetable  crops. 

[Data  from  American  Plant  Food  Council.] 
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1000  bu 

88 

10 

8.) 

17 

8 

10 

Sweet  potatoc's 

(roots) 

400  l)u 

.5(5 

7 

0.‘5 

7 

9 

18 

d'oiuatoes  (fruit) 

20  tons 

80 

0 

117 

Ki 

8 

9 

d'uriiips  (roots) 

oOO  bu 

64 

1.‘5 

72 

14 

20 

.) 

permanent  plant  cover,  row  cropping,  and  the  loss  of  soil  structure  by 
cultivation  facilitate  erosion  by  water  and  wind.  The  nutrients  lost  may  be 
replaced  by  supplemental  additives  in  the  form  of  fertilizers  and  manures 
Nitrogen  also  may  be  added  by  the  use  of  a  leguminous  crop  through  the 

process  of  nitrogen  fi.xation.  Chemical  fertilizers  are  often  the  mosT  eco¬ 
nomical  source  of  nitrogen. 


Fertilization  as  a  Horticultural  Practice 

FertilizaHon  refers  to  tlic  addition  of  mitrients  to  the  plant.  Tile  priniarv 
o  )|icti\e  o  Clop  feitilization  is  to  achieve  an  optinnnn  plant  response  This 
may  not  necessarily  he  the  greatest  response;  in  commercial  crop  pro'- 
clncion  ,t  ,s  that  point  at  which  the  salne  of  the  i„crea,sed  response  is 
eipial  to  the  cost  of  the  additise  (Fig.  6-2).  Fertilization  hesond  this  level 
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Incrciising  pounds  of  mfro^cn  per  acre  - - - ► 

Fig.  6-2.  The  ifield  reapouHe  diminishes  with  inereasin^  (luan- 
tities  of  fertilizer.  The  optimum  rate  is  obtained  ichen  the  value 
of  the  Ifield  respon.se  is  just  ecptal  to  the  last  increment  of  fer¬ 
tilizer  added.  At  this  point  the  profit  is  maximized.  But  the  re¬ 
sponse  to  fertilizer  mai/  depend  on  other  factors.  As  is  slunoi 
above,  increasing  the  plant  popidation  changed  the  response 
curve  and  made  a  higher  rate  of  nitrogen  profitable. 


[AdapU-cl  from  Soil,  USDA  Yearbook,  1957.] 

must  be  considered  a  wasteful  practice.  Not  only  is  au  excess  subject  to 
loss  by  leaching  and  \  olatilizatiou  but  may  be  destrueti\e  to  crops  as  a 
result  of  toxic  accumulations.  Overfertilizatiou  of  greenhouse  soils  has  be¬ 


come  a  serious  problem. 

Materials  that  supply  nutrient  elements  to  plants  are  known  as  feitili^os. 
Tlio.so  tlint  supply  nitnigeu,  pluisplioius,  ami  potassium,  the  luajoi  plant 
nutiients,  are  cal'lecl  complete  fertilizers.  The  grade,  or  analssis,  of  tliese 
fertilizers  is  tlie  percent  bv  vveigbt  of  nitrogen  (expressed  as  elemental  N), 
pbospborns  (expressed  as  I’A).-.),  and  potassium  (expressed  as  k.O)  m 
tiull  orilcr.  (The  reason  pbospliorus  and  potassium  are  not  expressed  m 
tbeir  elemental  form  is  historical.  A  movement  is  in  progress  to  have  tins 


An  SOdh  hag  of  a  .5-1.5-.3I)  fertilizer  nill  contain  4.0  Ih  of  N,  the  amount 
of  nhosphorns''in  12  Ih  of  lhO.-„  and  the  amount  of  potassium  m  24  h  o 
K,0.  The  fertilizer  ratio  is  si.nply  the  anahsis  expressed  m 
lowest  common  denominator.  A  B-l()-4  analysis  has  a  i.itio, 

.maivsis  has  a  1:1:1  ratio.  Kertilizers  are  referred  to  as  •'''y 

lizers  when  the  amount  of  available  nutrients  is  below  .30.  and  .is  , 
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aiial\sis  fertilizers  when  the  amount  of  a\ailal)le  nutrients  is  30'/  or  a])o\'e. 
Heeanse  of  the  weight  and  extra  handling  imohed,  low-analysis  ferti¬ 
lizers  tend  to  be  more  expensi\’e  per  nutrient  unit  than  high  analysis  ferti¬ 
lizers.  High  analysis  fertilizers,  however,  recpiire  special  accuracy  and  care 
in  their  application.  Although  by  law  the  anal)\sis  of  nitrogen,  phosphorus, 
and  jiotassium  must  be  stated  on  the  fertilizer  bag,  many  fertilizers  con¬ 
tain,  or  are  restricted  to,  other  plant  nutrients. 

Fertilizers  ma\'  be  classified  as  natural  orminics  or  chemicals.  Natural 
organics  ( for  example,  manure,  blood,  fish  scraps,  cottonseed  meal )  are 
compounds  derived  from  living  organisms.  Chemical  fertilizers,  such  as 
ammonium  nitrate  and  superphosphate,  are  synthesized  from  inorganic 
minerals.  Recently  a  number  of  forms  of  nitrogen-containing  compounds 
ha\’e  been  synthesized,  for  example,  urea  and  cvanamid.  Urea  can  be 
.synthesized  directly  from  the  air,  which  recpiires  only  a  source  of  electrical 
power.  Although  the^se  are  organic  compounds  in  the  chemical  sense,  they 
are  not  necessarily  deri\’ed  from  lixing  systems.  The  nutrients  in  natural 
organic  fertilizers,  and  some  synthetic  organics  such  as  “ureaforms,”  un¬ 
dergo  gradual  chemical  transformations  to  available  forms.  These  fertilizers 


therefore  pro\ide  a  means  of  extending  the  period  of  nutrient  availabilitN' 
to  accommodate  the  need  of  the  growing  plant. 

Modern  fertilizers  can  be  compounded  to  satisfy  the  different  needs  of 
the  usei.  Thus  they  may  not  only  be  made  up  of  different  nutrients  liut 
may  be  a  mixture  of  organic  and  inorganic  forms.  In  this  wav  some  or  a 
poition  of  the  applied  nutrients  can  be  made  available  immediately  whereas 
the  lest  can  be  leleased  slowly,  commensurate  w'ith  the  current  needs  of 
the  Cl  op.  Whether  a  slow-releasing  fertilizer  or  a  number  of  applications 
of  a  fast-releasing  fertilizer  should  be  used  depends  on  the  economics 
invoKed.  At  present,  slow-releasing  fertilizers  tend  to  be  expensi\e  on  a 
per  nutrient  basis. 

The  physical  characteristics  of  fertilizer  materials  vary  greatly.  Although 
many  fertilizers  are  solids,  they  may  be  applied  in  cHs.smKed  form  as'^a 
liciMid,  as  in  irrigation  «ater.  Nitrogen  mat-  l,e  applied  in  tile  atiimonia 
form  as  a  gas.  In  addition  to  soil  application,  nutrients  niav  he  applied 
directly  tlirmigli  the  foliage.  Nitrogen  can  he  elficientle  applied  throngh 
the  leases  he  spraying  them  seith  urea.  The  application  to  the  foliage  of 
such  trace  elements  as  manganese  ami  horon  has  also  proeed  practical 


level  oe  kebtilizatiox.  The  kind  and  level  of  fertilization  is  based  on 
crop  neetl  in  relation  to  cnrrent  fertility  levels  and  the  alternative  sources 
of  plant  nutrients.  The  pretliction  of  plant-nntrient  neetls  has  heel,  one  of 
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tlie  main  goals  of  plant  fertility  studies.  The  teclmi([nes  that  are  now  used 
eonsist  in  eorrelating  plant  response  with  chemical  tests  on  the  soil  or 
with  tests  made  on  tlie  plant  tissues  themselves.  However,  tlie  total  nu¬ 
trient  content  of  the  soil  does  not  giv’e  a  true  picture  of  nutrient  availability. 
The  av'ailable  nutrients  are  related  to  the  exchangeable  cations,  the  soil 
reaction  or  /)11,  and  the  organic  cycles.  Some  biological  assays  of  the  soil 
have  been  made  b\'  utilizing  the  response  of  sensitive  plants  or  micro¬ 
organisms.  The  relationship  between  these  tests,  soil  type,  and  climate  have 
been  correlated  for  manv  crop  plants.  Quick  tests  have  been  developed, 
although  these  are  often  not  too  accurate.  In  many  plants  severe  deficiencies 
of  certain  nutrients  produce  characteristic  responses  in  the  plant  called 
(Icficienci/  sifiuptonis,  which  often  can  be  used  to  diagnose  the  tionble 
(Table  6-2).  The  good  plantsman  will  not  permit  nutrient  shortages  to 

become  this  sev'ere. 


Table  6-2.  A  kei/  to  plant-nutrient  dcjiciencij  symptoms. 

[From  McMurtrey,  in  DiagnosUc  Techniques  for  Soils  and  Crops,  American  Potash  Inst.,  Wash 
ington,  D.C.,  1950.] 


SYMPTOMS 


element 

DEFICIENT 


A.  Older  or  lower  leaves  of  plant  mostly  affected;  effects  localized 

or  generalized. 

B.  Effects  mostly  generalized  over  whole  plant;  more  or  less  drv- 
ing  or  firing  of  lower  leaves;  plant  light  or  dark  green. 

C.  Plant  light  green;  lower  leaves  yellow,  drying  to  light-biown 
color;  stalks  short  and  slender  if  element  is  deficient  in  later 

stages  of  growth. 

CC  Plant  dark  green,  often  developing  red  and  purple  colons, 
”  lower  leaves  sometimes  vellow,  drying  to  greenish  brown 
or  black  color;  stalks  short  and  slender  if  element  is  deficient 
in  later  stages  of  growth. 


HB.  Effects  mostly  localized;  mottling  or  chlorosis  with  or  with¬ 
out  spots  of  dead  tissue  on  lower  leaves;  little  or  no  drying  up 

of  lower  leaves.  .  , 

C:  Mottled  or  chlorotic  leaves,  typically  may  redden,  as  with 

cotton;  sometimes  with  dead  spots;  tips  and  margins  turned 

or  cupped  upward;  stalks  slender. 

CC.  Mottled  or  chlorotic  leaves  with  large  or  small  spots  of 

dead  tissue.  ,  ,  ^ 

1)  Sliols  of  (leacl  tissue  small,  usually  at  tips  ancl  hetucou 

veins,  mote  inarketl  at  margins  ol  leaves;  stalks  slemler. 

1)1)  Spots  generalized,  rapidly  enlarging,  generally  mvolf 
ino  areas  between  veins  and  eventually  involv  ing  seeond- 


Xitrogeu 


Phosphorus 


Magnesium 


Potassium 
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SYM  ETOMS 


IJEI  K.IKN  I 


ary  and  e\  en  priniar\’  \eiiis;  leaves  thick;  stalks  with  sliort- 

ened  intemodes. 

AA.  Newer  or  bud  leaves  affected;  symptoms  localized. 

H.  Terminal  bud  dies,  following  appearance  of  distortions  at 
tips  or  ba.ses  of  young  leaves. 

C.  Young  leaves  of  terminal  bud  at  first  typically  hooked, 
finallv  dving  back  at  tips  and  margins,  so  that  later  growth  is 
characterized  bv  a  cut-out  appearance  at  these  points;  stalk 
finallv  dies  at  terminal  bud. 

CC.  Young  lea\es  of  terminal  bud  becoming  light  green  at 
bases,  with  final  breakdown  here;  in  later  growth,  leaxes 
become  twisted;  stalk  finally  dies  back  at  terminal  bud. 

lilk  Terminal  bud  commonly  remains  alive;  wilting  or  chlorosis 
of  younger  or  bud  leaves  with  or  without  spots  of  dead  tissue; 
\eins  light  or  dark  green. 

C.  Young  lea\es  permanently  wilted  (wither-tip  effect)  with¬ 
out  spotting  or  marked  chlorosis;  twig  or  stalk  just  below  tip 
and  seedhead  often  unable  to  stand  erect  in  later  stages  when 
shortage  is  acute. 

CC.  Young  leaves  not  wilted;  chlorosis  present  with  or  with¬ 
out  spots  of  dead  tissue  scattered  over  the  leaf. 

D.  Spots  of  dead  tissue  scattered  over  the  leaf;  smallest 
veins  tend  to  remain  green,  producing  a  checkered  or  re¬ 
ticulating  effect. 

DD.  Dead  spots  not  commonly  present;  chlorosis  mav  or 
may  not  in\ol\e  veins,  making  them  light  or  dark  green 
in  color. 

E.  Young  leaves  with  veins  and  tissue  between  \  eins  light 
green  in  color. 

EE.  'ioung  leaves  chlorotic,  principal  \’eins  t\picallv 
green;  stalks  short  and  slender. 


Zinc 


Calcium 


lk)ron 


Copper 


Manganese 


Sulfur 

Iron 


The  relationship  between  fertility  le\el  and  plant  performance  varies 
^^ith  the  species  and  the  nutrient  involved.  For  example,  100-1. 50  lb  of 
nitrogen  applied  prior  to  planting  will  promote  optimum  production  of 
tomatoes  on  mineral  soils,  whereas  this  le\el  of  nitrogen  ^^•ill  reduce  musk- 
melon  yields  as  a  result  of  decreased  production  of  perfect  flowers.  How- 
e\er,  the  plant  response  to  fertility  level  can  be  discussed  in  general.  At  one 
end  of  the  scale  are  deficiency  letch,  in  which  plants  show  definite  s>  mp- 
toms  of  a  lack  of  nutrients.  At  somewhat  higher  lex  els,  although  they  may 
not  slum-  obvious  deficienc>'  symptoms,  plants  mav  respond  in  yield.  1'his 
has  been  termed  “hidden  hungerr  At  levels  above  which  no  response  to 
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li'itilizc'is  inay  Ix'  (Iciiionstratc'd,  tlic  plant  inav  continue*  to  sliow  an  in¬ 
creasing  lc\'cl  ot  nutrient  al)sorption.  din's  is  tcrnicd  “Inxiirij  consumjition.” 
At  id)nornially  liigli  levels  growth  is  reduced,  and  death  niav  e\en  occur. 
Maximum  production  presnmahly  occurs  in  that  state  of  soil  fertility  in 
which  a  slight  luxury  consumption  exists. 

The  le\el  of  crop  response  to  fertilization  is  related  in  part  to  the  pro- 
ducti\  e  capacitN'  of  the  soil.  Chops  on  soils  of  low  productive  capacity  show 
a  maximum  response  at  a  low'er  le\’el  of  fertilit\’  than  on  soils  of  high 
productixe  capacity.  Prodnetixe  capacity  is  based  on  long-term  nutrient 
axailabilitx*  and  soil  condition.  ()xxin<i  to  the  nature  of  forces  in  the  soil 


that  estahlish  an  e(niilihrium  Ix'tween  tlie  soil  and  the  soil  solution,  optiinuin 


fertilitx'  cannot  be  achiexed  in  one  (ji 
fertilizer  are  placed  on  soils  of  a  loxv 


ick  step.  When  larger  amounts  of 
productive  capacitx',  much  of  it  is 
xx  asted.  These  excess  nutrients  may 
be  leached,  may  be  tied  up  in 
forms  unavailable  to  the  plant, 
or  may  be  une(|ually  distributed 
throimhout  the  soil  in  relation  to 
plant  needs.  Hoxvever,  continued 
applications  of  fertilizer  at  the 
level  of  optimum  plant  response 
tend  to  increase  the  prodnetixe 
capacitx'  of  the  soil,  ultimately 


Fig.  6-3.  As  excess  of  soluble  fertilizers 
applied  to  oroiciio^  plants  sueb  as  turf 
grasses  maij  burn  the  foliage  or  maij  kill 
the  entire  plant. 

[Courtesy  XX’.  H.  Daniel.] 


raising  its  yield  potential. 


PL.XCEMEXT  AM)  T  I  M  I  .\  G  .  Olie  ol 
the  important  factors  in  the  use  of 
fertilizer  is  proper  placement  and 
timing.  This  inxolxes  efficiency  of  plant  usage,  the  prevention  of  injury, 
and  conxenience  and  economx’  of  application.  To  be  effectixe,  feitilizei 


must  be  applied  xvhere  and  xvhen  the  plant  needs  it.  Single  yearly  appli¬ 
cations  max-  not  be  sufficient  for  some  nutrients,  such  as  nitrogen,  and 
may  not  be  necessary  for  others.  Concentrated  applications  of  highly 
soluble  fertilizers  cannot  be  applied  to  groxving  plants,  especially  xvhen 
young,  because  of  salt  injury  (Fig.  6-3).  In  perennials,  or  in  long-sea.son 
annuals,  it  may  be  more  efficient  to  carefully  control  nutrient  axaila- 
bility  throughout  the  season,  and  for  this  reason  repeated  applications  are 
made.  This  is  especially  important  xvith  nitrogen  fertilization,  xvhere  los.ses 

of  exce.ss  amounts  must  be  considered. 

There  are  x  arious  methods  of  placement.  Fertilizers  may  be  applied  prior 


Soil  Miniaiicmcnl 


Surface  of  soil 


\"-2" 


Seed  O' 


to  planting  In’  scattering  it  nnifonnly  over  the  surface  of  the  ground  (broad¬ 
cast  application).  It  may  he  dropped  lieliind  tlie  plow  at  the  furrow  bot¬ 
tom  (plow-sole  jdacconent),  or  placed  in  a  band  under  or  to  one  or  both 
sides  of  the  seed  (hand  ])laccnient)  during  planting  (Fig.  6-4).  Another 
mode  of  application  consists  in  applying  fertilizer  directly  over  the  crop 
after  emergence  (toj)  dressing)  or  beside  the  row  (side  dressing).  Side 
dressed  applications  of  fertilizer  are  often  made  along  with  a  cultivation 
and  are  thus  mixed  into  the  soil.  Fertilizer  may  also  be  applied  along  w’itli 
mechanical  transplanting,  either  as 
a  band  under  the  plant  or  dis¬ 
solved  in  the  supplemental  trans¬ 
planting  water  (starter  solution). 

The  timing  of  fertilizer  appli¬ 
cations  depends  upon  the  nutrient 
and  the  crop  as  well  as  on  the 
soil  t\'pe  and  the  climate.  Nitrogen 
fertilizers  must  be  supplied  as  close 
to  the  plant  as  possible  to  be  of 
any  use.  The  nitrate  forms  of  nitro¬ 
gen  are  water  soluble  and  move 
rapidly  within  the  soil.  Although 
the  ammoniacal  forms  of  nitrogen 
are  held  on  the  soil  colloids,  tliev 
become  “mobile”  as  soon  as  thev 
are  converted  to  the  nitrate  form. 

Thus,  nitrogen  often  becomes  de¬ 
ficient,  especially  in  sandy  soils. 

Soils  liigh  in  applied  organic  matter 
may  be  temporarily  short  of  nitro¬ 
gen  as  a  result  of  the  high  buildup 
of  microorganisms  that  pre-empt 
available  .soil  nitrogen  in  their  own 
bodies.  In  addition,  the  nitrogen 


fertilizer 

Fig.  6-4.  The  proper  placement  of  fer¬ 
tilizer  baud  for  many  ve<^etahle  crops. 
Large  amounts  of  fertilizer  banded  too 
close  to  the  seed  may  inhibit  growth  be¬ 
cause  of  salt  injury.  Fertilizer  placed  too 
far  axcay  may  be  insufficient  to  .stimulate 
the  early  seedling  growth  that  is  .so  im¬ 
portant  to  ojitimum  plant  performance. 

[Acl.ipti'il  from  Soil,  L’SHA  Yearbook.  1957.] 


concentration  in  the  soil  solution  may  be  relatixely  low  in  the  spring  espe¬ 
cially  m  cold  or  w’et,  poorly  drained  soils,  owing  to  a  lack  of  nitrification  by 
aerobic  bacteria  and  to  excess  denitrification  hy  anaerohic  bacteria.  Con- 
seipiently,  many  crops  show  a  response  to  spring  applications  of  nitrogen. 
It  IS  unwise  to  apply  all  of  the  nitrogen  at  planting  because  of  po.s.sible 
injur\,  thus  it  is  often  also  applied  as  a  side  dressing  during  grow  th. 

In  perennial  fruit  crops  such  as  apple  and  peach,  excess  nitrogen  is  as- 


sofiated  with  poor  fruit  color  and  soft  fruit,  as  well  as  with  uudesirahle 
\cgctative  growth  that  occurs  late  in  the  season,  w'hich  leaves  the  plant 
vulnerable  to  winter  injury.  Conse(iuently,  nitrogen  is  usually  applied  onlv 
once,  early  in  the  spring,  in  order  that  any  excess  wall  have  been  used  up 
by  summer.  In  small-fruit  crops  that  ripen  early  in  the  summer,  such  as 
the  straw'berry,  nitrogen  is  not  applied  to  hearing  patches  in  the  spring 
because  of  the  undesirable  effect  of  fruit  softening. 

In  contrast  to  nitrogen,  phosphorus  moves  verv  little  in  the  soil.  Conse- 
(|uently,  the  total  (juantity  needed  during  the  season  can  be  applied  at 
one  time.  Because  of  the  high  phosphorus  recjuirement  of  seedlings  it  is 
important  that  adecjuate  levels  be  made  available  close  to  the  seed  or 
transplant.  The  use  of  starter  solution,  transplanting  waiter  supplied  with 
liberal  phosphorus  (about  1500  ppm),  is  recommended  for  many  trans¬ 
plants.  The  phosphorus  is  supplied  by  soluble  phosphate  salts  such  as 
mono-  or  diammonium  phosphate  and  monopotassium  phosphate.  A  popu¬ 
lar  starter  solution  uses  three  pounds  of  a  mixture  of  diammonium  phos¬ 
phate  and  monopotassium  phosphate  (10-52-17  analysis)  per  50  gallons  of 
water.  When  an  extensive  root  system  is  established,  the  plant  re({uire- 
ments  are  satisfied  by  low'er  levels  of  phosphorus.  Phosphorus  applications 
are  often  banded  under  the  seed  to  achieve  the  same  effect  (Fig.  6-5). 
Perennial  plants  usually  do  not  respond  to  phosphorus  application  because 
the  root  systems  are  extensiv’e  and  active  throughout  most  of  the  grow'- 
ing  season. 

Because  of  the  low’  mobility  of  phosphorus  and  the  low'  efficiency  of  up¬ 
take  by  plants  (less  than  25%)  it  has  been  found  profitable  to  build  up 
soil  phosphorus  levels  prior  to  planting  horticultural  crops.  Once  phos¬ 
phorus  levels  are  brought  up,  supplemental  additions  of  phosphorus  need 
not  be  fre((uent.  In  turf,  for  example,  there  is  practically  no  net  loss  of 
phosphorus. 

Potassium  salts  are  intermediate  in  mobility  to  phosphorus  and  nitrogen. 
Owing  to  their  solubilitv,  potassium  salts  cannot  be  placed  close  to  seeds 
or  plants  in  any  great  amounts.  Since  potassium  is  not  as  critical  for  seedling 
growth  as  nitrogen  or  phosphorus,  broadcast  applications  aie  usually  made 
before  planting. 

Hegiilation  of  Soil  Reaction 

Soil  reaction,  so  important  to  nutrient  availability  and  root  growth,  is 
an  important  phase  of  .soil  management.  Although  plants  vary  in  their 
response  to  })\l  (Fig.  6-6),  most  horticultural  crops  do  well  with  a  /dl 
between  6.0  and  6.5.  A  group  of  “acid-loving  plants  of  the  Fncaccac 
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Fig.  6-.5.  Rc.sjwnse  of  onions  to  fertilizer  placement.  In  all  cases  ccpial  amounts 
of  fertilizer  were  added,  either  handed  2  in.  below  the  seed  or  broadcast  over 
the  suiface  of  the  soil.  The  greatest  respon.se  was  obtained  when  the  fer¬ 
tilizer  was  f)laced  below  the  seed,  where  it  was  avail(d)le  to  the  iioun^  plant. 
The  treatment  series  indicate  that  phosphorus  is  the  critical  nutrient  with 
respect  to  placement . 

[Courtesy  J.  F.  Davis.] 


( 1  lioclodcndi Oils,  giirdciiias,  iizaleus,  cainclliiis,  craiilitMiics,  blueberries)  re- 
([uire  conditions  of  low  /ill  (4.5-6.()).  A  low  soil  reaction  may  be  used  to 
control  soil  diseases  in  crops  that  prove  less  sensitive  to  low  /iH  than  the 
corresponding  disease-producing  organism.  Thus,  potatoes  may  be  grown 
at  /ill  5.2  to  control  scab,  a  disease  caused  by  a  fungus  that  is  not  adapti\e 
to  acid  soils.  Potatoes,  however,  perform  etpially  well  at  a  higher  /ill  in 
disease-free  soil. 

Tile  natural  reaction  of  soils  is  due  to  tile  interaction  of  climate  witli 
tile  parent  materials  of  tlie  soil.  In  general,  aci<l  soils  are  common  wliore 
die  precipitation  is  liigli  enough  to  leach  appreciable  amounts  of  exchanee- 
able  bases  from  the  surface  layers.  Thus,  in  the  huniiti  climates,  the  areas 
of  most  intense  horticulture,  soil  acidity  is  often  a  problem.  .Soil  alkalinitv 
occurs  giMierally  in  the  more  ariil  regions,  where  there  is  a  comparatix elv 
high  degree  of  cation  accumulation.  .Alkaline  .soils  niav  result  in  a  high 


Crops 

Alfiilfci 
Swccr  clover 
Asparaijns 

Ct^ulif  lower 
Apples 
Onions 
Lettuce 


pH  fi.ar\cjcs 


Spfr\ach 
Red  clovers 
Peas 

Crucifers 
Ky. blue  ^rdss 
White  clovers 
Carrots 


Juniper 
Iris 

Squosh 
Stritw  berries 
Limd  beons 
Snop  begins 
Velvet  bcpns 
Cucumber 
t\Aan\j  grosses 
Tomotoes 
Timothy 
Borley 
Wheot 

Fescue  (toll  ondmeodow> 

Corn 

Soy  beons 
Oots 

AlsiRc  clover 
Crimson  clover 
Vetches 
Miller 
Cow  peos 
Lespedezo 
Tobacco 
Rye 

Buckwheot 
Sweet  porotoes 
Red  top 
Potatoes 

Bent  gross  (except  creeping^ 
Fescue  (red  ond  shecp*s>  “ 
Poverr^gross 
Blueberries 
Cronberrics 
Arolco  (nofivc) 

Cdmelios 
Hydrongeo 
(^ordenios 

Rhododendron  (notivc) 


Fig.  6-0.  Suitable  p//  ranges  for  various  crops  and  ornamental  plants. 

[A<l..pt..d  w.lh  ,urmissi..n  of  tho  p.il.lishor  fron,  77., ■  Soturr  and  Pro,,rrtirs  of  Soils  l.y  I.von, 
Hnck.na..,  a..d  Brady,  5th  od.,  copyright  1952  l.y  tin-  Macmillan  Company.] 
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salt  accuimilation  (salinity).  This  can  be  a  problem  in  the  irrigated  soils 
of  the  American  Southwest. 

Soils  become  acid  because  the  basic  cations  on  the  soil  colloid  are  re¬ 
placed  by  hydrogen  ions.  I'his  process  can  be  rexersed,  and  the  soil  pW 
increased,  b\’  adding  basic  cations,  for  example,  calcium,  magnesium,  so¬ 
dium,  and  potassium.  Calcium  is  the  most  economic  cation  for  increasing 
soil  /dl.  In  addition,  calcium  has  other  beneficial  effects.  It  is  an  essential 
element  in  plant  nutrition;  it  is  thought  to  promote  good  soil  structure  by 
promoting  granulation;  and  it  encourages  certain  soil  microorganisms,  espe- 
cialK'  the  nitrifx  ing  and  nitrogen-fixing  bacteria.  The  addition  of  calcium  or 
calcium  and  magnesium  compounds  to  reduce  the  acidity  of  the  soil  is  knoxx'U 
as  liming.  Although  the  term  lime  refers  correctly  to  CaO,  it  is  used  in  the 
agricultural  sense  to  include  oxides,  hxdroxides,  carbonates,  and  silicates 
of  calcium  or  calcium  and  magnesium.  Soil  liming  has  resulted  in  significant 
increases  in  plant  growth.  The  amount  of  liming  re(juired  depends  upon 
the  degree  of  pH  change  desired,  the  base  exchange  capacitx’  of  the  soil, 
the  amount  of  precipitation,  and  the  liming  material  and  its  physical  form 
in  relation  to  particle  size. 

Soil  may  be  made  more  acid  by  placing  hydrogen  ions  on  the  soil  colloid. 
1  his  is  done  by  adding  substances  that  tend  to  produce  strong  acids  in  the 
soil.  Some  nitrogen  fertilizers  will  increase  soil  aciditx',  but  elemental 
sulfur  is  by  far  the  most  effective  substance  to  use  for  this  purpose.  In 
warm,  moist,  xv'ell-aerated  soils,  bacterial  action  conx’erts  sulfur  to  sulfuric 
acid. 


Maintenance  of  Soil  Condition 

Tilth 

1  he  importance  of  good  physical  condition  of  the  soil  ( tilth )  in  relation 
to  plant  growth  is  a  significant  part  of  soil  management.  Soil  structure 
and  texture  have  a  direct  effect  on  the  water-holding  capacitx'  and  aeration 
of  the  soil.  This  influences  root  groxx  th,  as  xx’ell  as  the  soil  microorganisms 
xvhich  play  an  important  part  in  making  available  the  nutrients  in  organic 

matter.  Crusting  and  puddling  of  the  soil  are  indications  of  poor  tilth 
(Fig.  6-7). 

The  physical  condition  of  the  soil  is  largely  conditioned  bv  the  amount 
of  organic  matter.  Organic  matter  may  be  maintained,  and  in  some  cases 
increased,  in  field  soils  by  altering  crop  rotation  and  by  adding  supple¬ 
mental  organic  matter  in  the  form  of  manure.  In  potting  .soils  organic 
matter  is  often  added  in  the  form  of  peat.  Recently  the  use  of  cheinical 
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Fig.  fi-7.  A  puddled  soil  (left)  composed  with  a  well-granu¬ 
lated  soil  (right). 

[Adapted  with  permission  of  the  pidilisher  from  The  S'aturc  and  Pro)H"rlics 
of  Soils  !)>'  Lyon,  Buckman,  and  Brady,  5th  ed.,  copyrisht  1952  by  the 
Macmillan  Company.] 

soil  conditioners  such  as  Krilinm  have  l)een  suggested,  although  this  has 
not  proven  practical.  The  problem  of  maintaining  soil  condition  is  com¬ 
plicated  because  most  cultivation  practices,  contrary  to  first  impression, 
do  not  aid  in  improving  soil  structure.  Even  the  gains  made  by  distribut- 
ing  plant  material  through  the  soil  may  be  more  than  offset  by  compaction, 
bv  the  loss  of  organic  matter  as  a  result  of  oxidation,  and  by  erosion. 
Cday  soils  in  particular  must  be  handled  carefully  to  maintain  soil  structure. 
If  thev  are  cultivated  when  too  vv-et  the  soil  becomes  puddled.  The  use 
of  heavy  e(|uipment  (such  as  mechanical  harv'esters)  on  vv'et,  clay  soils 
seriously  impairs  soil  structure  and  often  leads  to  compaction  pioblems. 
^rhis  is  less  of  a  problem  on  sandy  or  peat  soils,  where  soil  structure  is 
generallv  not  an  issue. 

O  V 


Increasing  Organic  Matter 

Organic  matter  affects  both  the  fertility  and  physical  condition  of  thi 
soil.  Organic  matter  acts  as  a  storehouse  of  nitrogen  and  othei  nutiients, 

'  *  O  I 

and  greatly  influences  the  e.xchange  capacity  of  the  soil.  It  impioves  the 
physical  condition  of  the  soil  by  increasing  the  water-holding  capacity,  so 
important  to  sandv'  soils,  and  by  increasing  aeration,  which  is  especiallv 
necessarv  in  clay  soils. 

The  accnmulation  of  organic  matter  reaches  an  eipiilibrinm  in  niidis- 
tnrbed  soil.  Because  the  organic  material  of  the  soil  is  largely  under  the 
control  of  biologic  and  climatic  forces  one  must  differentiate  between  a 
temporary  and  a  long-term  increase  in  organic  matter.  Unfortunately  it 
is  easy  t(i  reduce'  the  organic  matter  of  a  soil,  yet  it  is  relatively  dillicnlt  to 
build  it  np.  The  major  lo.ss  of  organic  matter  comes  about  from  mcrea.sed 
oxidation  as  a  result  of  cultivation  and  from  crop  removal. 
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IVrliaps  tlie  best  \\’a\’  to  increase  the  long-term  organic  matter  is  tlirongli 
tlie  ext(*n(le(l  nse  of  a  legume  or  grass  sod  (  Fig.  6-8).  d'lie  organic  matti-r 
produced  as  a  result  of  root  disintegration  is  protected  from  excessi\e 
oxidation  by  the  constant  co\  er  and  lack  of  culti\  ation.  Permanent  orcliard 
plantings  are  kept  in  good  tilth  b\'  tlu‘  ns(‘  of  sod.  Mixtures  of  shallow- 
and  det'p-rooted  grasses,  snch  as  Alta  fc'scnc*  (shallow-rooted)  and  Ladino 
cloM'r  ( de(*p-rooted )  are  often  used  to  obtain  a  resilient  floor  und(*r  lu‘a\x’ 
ecjuipment  as  well  as  to  prexent  compaction  and  to  improxe  drainage.  Sods, 
of  course,  ha\e  certain  disadvantages.  Thev  are  not  generallv  used  in  peacli 
culture  because  of  frost  injury  (see  Chapter  12)  as  well  as  the  lo.ss  of 
precise  control  over  nitrogen  lexels.  In  annual  and  perennial  plantings 
organic  matter  can  be  built  up  by  rotating  row  crops  with  legume  sods.  A 
standard  soil  management  for  potatoes  in  the  northern  United  States  in- 
x'oKes  a  three-year  rotation  of  potatoes,  grain,  and  cloxer.  The  grain  is 
used  to  control  weeds  and  to  act  as  a  “nurse  crop”  for  the  establishment 
of  the  clox  er. 

1  he  plowing  down  of  a  growing  crop  as  a  “green  manure”  temporarilv  in¬ 
creases  the  organic  content  of  the  soil,  but  this  practice  cannot  be  expected 
to  increase  the  long-term  organic  matter.  The  buildup  of  high  populations 
of  microorganisms  may  actually  reduce  the  net  organic  matter  content  of 
the  soil  through  an  unexplained  breakdow  n  of  the  more  resistant  organic 
fi action.  The  lapid  breakdown  of  a  green  manure*  does  release  tied  up 
nutrients.  But  materials  like  millet  or  sudan  grass,  which  have  a  hierh  car- 


Fig.  fi-S.  CrOQcl  soil  struettue  loidcr  an  alfalfa  sod.  Xotc  hoic  the  roots  have  pene¬ 
trated  the  .soil.  ' 

[PhotoKrapIicd  by  J.  C.  Alien  &  Son.] 
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1)011  contc'iit  in  iclation  to  tlieir  nitrogt'ii  or  protein  content,  may  create  a 
tc’inporarv  nitrogi'ii  shortage  hecaiise  ol  the  utilization  of  the  available 
nitrogen  hv  inicroorganisins.  Nitrogen  must  then  he*  added  to  compensate 
for  this  shortage.  Sweet  clover  and  other  legumes  that  have  a  high  nitrogen 
content  in  proportion  to  carbon  compounds  are  destroyed  faster  by  micro¬ 
organisms  and  release  a  steady  supply  of  nitrogen. 

The  use  of  grasses  or  legumes  planted  in  mid-  or  late  summer  pro\  ides 
the  ad\  antages  of  a  sod  for  part  of  the  year.  These  cover  crops  are  probably 
of  most  x  alue  in  pre\'enting  winter  erosion.  They  are  usually  plowed  under 
in  the  spring  as  a  green  manure.  This  should  be  done  early  to  prevent  the 
loss  of  excessive  moisture  from  the  soil. 

The  use  of  manures  to  supplement  soil  organic  matter  is  at  present  an 
expensive  procedure.  Manure  is  probably  more  valuable  for  its  nutrients 
than  for  its  contribution  of  organic  matter.  Similarly,  the  use  of  mulches  in¬ 
directly  adds  to  organic  matter,  although  only  in  the  upper  surface  of  the 
soil  Their  greatest  contribution,  however,  lies  in  reducing  the  amount  of 
cultivation,  which  in  effect  limits  the  oxidation  of  organic  matter. 


Soil  Conservation 

Agriculture  operates  in  a  finite  and  decreasing  land  area  over  the  world  s 
favored  climates.  Its  basis  is  a  layer  of  topsoil  that  averages  only  seven 
inches  over  the  earth’s  surface.  This  mantle  cannot  be  exploited  indefinitely; 

it  must  be  conserved  and  refurbished. 

the  reduction  of  prodiicti%e  capacity  tlivough  tlie  loss  of  fertil- 

its-  and  stnicture  is  considerable,  tire  most  serious  problem  is  erosion.  Nu¬ 
trients  can  be  added  bv  fertilization,  but  tbe  loss  of  topsoil  cannot  be  so 
easilv  or  riuickh-  renredied.  Tbe  loss  of  soil  due  to  nind  and  water  is  a 
natimral  problem.  It  contributes  to  silt-clogged  risers,  alterrrate  drought  a, rc 
Hood  rlust  bowls,  ami  poverts-.  Vet  soil  consersation  iteed  .rot  be  practiced 
for  purelv  altruistic  reasorrs.  .Soil  consersatio.r  yields  i.rr.rrediate  regards  nr 
terrrrs  of  plant  perfornrance  and  m.ist  be  considered  tbe  basis  of  sou.rd  so, I 

Eimsioir  of  tbe  soil  is  a  iratural  process  i.rlluenced  b\'  clmrate,  topog.apbs 
and  tbe  nature  of  the  soil  itself.  Where  permarrerrt  and  u.rdisturbed  plairt 
coser  exist,  erosion  is  more  or  less  gradual  ami  hr  e,|uibb,ium  wrtb  sorl- 
formatiorr  processes.  .Accelerated  erosion  conres  about  nr  tlu'  abserree  o 
nla.rt  cover.  -Areas  which  as  a  resrdt  of  clirrrate  or  topograph)  rue  .man 
1„  support  r.  penrrrnrerrt  plarrt  cover  urrdergo  a  "geologic  cos, on.  such  as 
found  in  tbe  Grand  Canson.  Tbe  accelerated  soil  erosion  brought  about  In 
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Fif;.  6-9.  Mountain  runoff  has  severcitj  eroded  this  vineijard  in  Santa  Fe,  Cali- 
fontia. 

[(Courtesy  L'SDA.] 


agricultural  cultivation  or  o\crgrazing  comes  about  through  the  action  of 
water  in  humid  climates  (Fig.  6-9)  and  of  wind  in  arid  climates. 

The  maintenance  of  \  egetative  co\  er  is  basic  to  soil  management.  \  ege- 
tative  co\er  retards  erosion  by  breaking  and  cushioning  the  beating  force  of 
the  rain  (Fig.  6-10),  increasing  the 
ahsorhative  capacity  of  the  soil,  and 
holding  the  soil  against  both  water 
and  wind.  The  soil  cover  increases 
the  infiltration  of  water  through 
the  soil  by  preventing  the  clogging 
of  the  soil  pores  b\’  fine  surface 
particles.  1  he  technifjues  used  for 
increasing  soil  co\er  include  sod 
culture  (as  in  orchards),  proper 
rotation,  cover  cropping,  and 

mulchincr. 

Water  erodes  the  soil  bv  literallv 


tig.  6-10.  The  Ifeatin^  force  of  a  rain¬ 
drop  striking  uu  t  soil.  Soil  particles  and 
^lohides  of  mud  are  hurled  in  all  direc¬ 
tions. 

.  [(.ovirtcsN  I  .S.  Soil  Conservation  Service.] 

caiiNuig  it  away.  The  carrving 

p<i«or  „f  uatcr  incn'aso.s  xvitli  its  .spec, I  aiul  miIutihx  Tl.e  x.ih.mo  of  «ator 
. U'pnals  up„n  tl,,.  a.n.iuni  of  vaiolall  aocl  ll.o  rate  al  «  t,icl,  il  is  absorb,. cl  In 
t  soil.  Ilio  spoocl  niti,  n  bicb  Ibis  wator  , noses  is  ilirectlv  relatocl  to  tb.. 
slnpo  ol  tl,c  land  and  tbo  arnonnt  of  cner.  Any  toclinicjne  that  oilln-r 
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crt'asi's  al)S()rpti()n  or  retluces  the  speed  ot  tlie  riinofl  will  pre\'ent  soil  erosion. 

The  absorpti\’e  capacity  of  the  soil  may  be  increased  by  deep  plowing, 
bv  increasing  the  organic  matter  of  the  soil,  or  by  increasing  drainage.  Ihus, 
the  binning  or  remosal  of  organic  matter  is  a  poor  conser\ation  practice. 
Where  natural  drainage  is  poor,  tiling  may  be  necessary  to  remove  water 
and  provide  air. 

The  control  of  erosion  by  reducing  the  speed  of  rnnolf  may  be  accom¬ 
plished  in  a  number  of  ways.  Most  basic  is  contour  tillage,  in  which  plowing, 
cultis  ation,  and  the  direction  of  the  “row”  follows  the  contour  of  the  land 
rather  than  the  slope  of  the  land.  This  affects  the  speed  and  power  the  sur¬ 
face  water  attains  and  thus  the  ability  of  the  tilled  soil  to  absorb  water  ( t  ig. 
6-11 ).  The  use  of  intertiUaoe,  or  strip  cropping;  which  alternates  strips  of  sod 
and  row  crops  planted  along  the  contour,  helps  to  slow  runoff  by  inter¬ 
posing  barriers  with  high  absorptive  capacity.  The  alternating  of  sod  with 
row'  cropping  serves  to  achiev'e  the  benefits  of  rotation.  On  steepei  slopes, 
where  greater  amounts  of  surface  water  must  be  accommodated,  the  use  of 


Fig.  6-11.  Contour  plantiia^  of  a  field  of  pineapple  in  Hawaii. 
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Fig.  0-12.  A  terraced  peach  planting  on  a  fine  sandij  loam.  The  terrace  ridges 
have  been  left  in  rye  cover  in  order  to  protect  the  land  against  icind  erosion. 

[C()urte.sy  U.  S.  Soil  Conservation  Service.] 


waterways,  permanently  sodded  areas,  facilitates  water  remo\'al  and  mini 
mizes  erosion. 

\\  here  contour  cultivation  and  strip  cropping  are  not  sufficient  to  check 


erosion,  terraces  constructed  on  the 
contour  must  be  used.  Terracing, 
an  ancient  idea,  consists  in  cutting 
np  a  slope  into  a  number  of  level 
areas.  Terraces  appear  as  steps  on 
the  hillside.  Although  the  “steps" 
of  ancient  terraces  were  made  of 
stone,  modern  terraces  are  made  by 
building  low,  rounded  ridges  of 
earth  across  the  sloping  hillside 
(Fig.  6-12).  Terracing  slows  down 
the  speed  of  surface  runoff,  and 
although  it  is  designed  primarily  to 
prevent  erosion,  it  facilitates  the 
storing  of  av'ailable  water.  Thus, 


Fig.  6-13.  Farm  icindhreak  of  ever¬ 
greens. 

[PhotoKraph  l)y  J.  C.  .■Mien  &  Son.] 


terracing  is  an  important  practice  in  areas  of  low  rainfall. 

Some  of  IlK-  orosioo  caosoci  l,y  veind,  especially  in  open  prairies  or  plains, 
max-  lie  eliecked  by  planlinfr  n  indbroi/c.s— one  or  more  roxxs  of  Irees  or 
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slinil)s  planted  at  angles  to  tlio  prc\'ailing  winds  (  Fig.  6-13).  dlie  cdt'c- 
tix'eness  of  the  windbreak  is  local  and  is  related  to  the  thickness  and  the 
height  of  the  trees.  The  maintenance  of  a  permanent  plant  co\’i'r  in  con¬ 
junction  wdth  windbreaks  effcctixcly  reduces  wind  erosion  where  it  is  a 
problem.  On  organic  soils,  small  grain  row's  are  used  as  temporary  w'ind- 
hn'aks  to  protect  vegetable  seedlings. 


WATER  MANAGEMENT 

WTiter  management  in  agricnltnre  is  concerned  with  the  regulation  and 
nse  of  water  to  effect  plant  growth.  It  iiwolves  the  control  of  excess  as  well 
as  deficient  moisture  conditions  and  the  conservation  of  w'ater.  Because  of 
the  close  association  betw'een  water  and  soil  the  control  of  moisture  must 
be  an  integral  part  of  soil  management. 


Irri(^ation 

“And  a  river  w'ent  ont  of  Eden  to  w'ater  the  garden;  and 
from  thence  it  w'as  parted,  and  became  into  four  heads.” 

GKN.  2:10 

The  great  ancient  civilizations  of  Egypt,  Babylon,  China  and  the  Incas  in 
the  New  World  w'ere  dependent  upon  irrigation  for  the  abundant  agncnl- 
tnre  necessarv  to  support  their  large  populations.  Uncontrolled  ri\’er  flooding 
gave  way  to  complex  systems  of  water  distribution  that  invobed  ditches, 
canals,  and  waterways.  Mechanical  devices  such  as  the  dragon  wheel  and 
Archimedes’  screw'  provided  artificial  movement  of  water.  Although  irriga¬ 
tion  has  long  been  a  vital  part  of  the  agricnltnre  of  the  semiarid,  subtropical 
climates,  it  has  not  been  widely  practiced  in  the  hnmid  temperate  climates 
until  recently.  At  present,  supplemental  irrigation  is  increasing  as  a  com¬ 
ponent  technology  of  horticulture.  This  has  been  brought  about  by  improve¬ 
ments  in  irrigation  technology,  such  as  increased  pump  efficiency,  light¬ 
weight  tubing,  and  sprinkler  systems. 

Types  of  Irrigation 

Tt.crc  are  ti.rec  general  metbocls  of  land  irrigation:  snr/nce  miffilkm. 
„mMcr  irrignt/oM.  and  In  surface  irr/gn/ion  tl.e  water  ,s  eon- 

vevetl  directiv  over  tl,e  field,  and  the  .soil  acts  as  the  resers'o.r  for  ,n,., store. 
Ur  simuklcr  irrign/ion  water  is  eonseyed  through  pipes  an<l  ,s  d.strdo,  ed 
ondir  pressure  as  simulated  rain.  In  suhhriualiou  the  water  Hows  mule- 
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ground  as  a  controlled  water  table  over  an  imperx  ious  substratum  and  pro¬ 
vides  moisture  to  the  crop  by  upward  capillary  movement. 


SUKFACK  iHiucATiox.  The  application  of  water  by  surface  irrigation  is 
utilized  in  arid  and  semiarid  regions  where  the  topography  is  level  (hig- 
6-14).  The  water  is  conxex'ed  to  the  fields  in  open  ditches  at  a  slow  non- 
erosixe  velocitx'.  Where  xx  ater  is  scarce,  pipelines  may  be  used,  since  they 
eliminate  losses  due  to  seepage  and  ex  aporation.  The  distribution  of  xx  ater  is 
accomplished  bv  various  control  structures  or  by  siphons.  The  floxv  of  xx  ater 
must  be  carefullv  controlled,  for  not  only  may  xxater  be  expensix'e,  but  ex¬ 
cessive  leaching  of  xxater-soluble  nutrients  and  erosion  of  soil  may  occur 
xxith  too  rapid  a  floxv.  Drainage  canals  must  be  proxided  to  remove  xvaste 
xxater  and  eliminate  ponding.  The  advantages  of  surface  irrigation  oxer 
sprinkler  irrigation  are  loxxer  poxver  recjuirements  and  reduced  xvater  loss 
bv  ex  aporation.  But  since  the  system  depends  on  grax  ity  floxv,  it  is  inefficient 
in  distribution  because  more  xvater  is  supplied  close  to  the  source.  Another 
serious  objection  to  surface  irrigation  is  the  deleterious  effect  that  it  has  on 
soil  structure,  fleaxy  soils  become  puddled  under  the  heaxw  load  of  xvater, 
resulting  in  a  loss  of  soil  aeration  and  in  subse(pient  baking  and  cracking 
xx  hen  the  soil  dries  out. 


Fig.  6-14.  Furroic  irrigation  i)i  a  lettuce  field  in  the  Salinas 
Valley,  California. 

[Courtesy  Ansel  Adams  and  W  ells  Fargo  Bank,  San  Francisco.] 
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The  distribution  oi  water  over  tlie  field  in  surface  irrigation  may  be  ac- 
eoinplisbed  eitlier  bv  Hooding  the  entire  field  in  a  continnons  sheet  ( flood 
irri<^(itio)i)  or  bv  restricting  the  water  to  some  type  of  furrow  {fiirroic  irri¬ 
gation).  The  field  most  be  almost  level,  otherwise  low'  spots  will  get  too 
much  watt'r,  and  high  spots  will  get  none.  Flood  irrigation  is  common  in 
horticultural  crops  that  are  tolerant  of  excessive  water,  as  are  cranberries. 
Furrow  irrigation  is  the  most  widely  used  method  of  applying  water  to  row' 
crops,  .\lthovigh  furrow  irrigation  is  fairly  efficient  in  water  utilization,  it 
re(|nires  high  labor  costs.  Constant  supervision  is  recpiired  to  pre\'ent  furrow 
streams  from  uniting  and  forming  large  cbannels.  In  rolling  land,  and  with 
closely  growing  crops,  water  may  be  applied  to  small  furrows  that  guide 
rather  than  carrv  the  water.  This  is  referred  to  as  corrugating  irri<^ation. 
Soakers  (perforated  hoses  tliat  allow'  water  to  seep  into  the  soil  at  a  low', 
uniform  rate)  pro\  ide  a  form  of  surface  irrigation  that  can  be  employed  in 
greenhouses  and  in  home  grounds  and  gardens. 


si’HiNKLKR  IRRIGATION.  Sprinkler  irrigation,  although  not  new,  has  come 
into  widespread  use  since  1945,  owing  to  the  introduction  of  light  aluminum 
pipe,  (piick  couplers,  and  improved  nozzles.  Until  then,  sprinkler  systems 
consisted  of  permanent  “overhead  ’  installations  that  were  confined  to  use 
in  small  market  gardens.  Portable,  light-weight  pipe  has  put  sprinkler  irriga¬ 
tion  into  a  prominent  position  in 
agricnltural  technology.  It  has 
proxed  practical  as  a  means  of 
providing  supplemental  water  in 
the  so-called  “humid”  climates.  The 
advantages  of  sprinkler  irrigation 
lie  in  the  ex’en  and  controlled  appli¬ 
cation  rate,  .\lthough  in  arid  cli¬ 
mates  evaporation  may  be  higher 
with  sprinkler  than  with  surface  ir- 
ri‘^ation,  the  controlled  applic'ation 
rate  results  in  a  more  efficient  n.se 
of  w'ater.  The  slower  rate  of  appli¬ 
cation  reduces  runoff,  erosion,  and 
disturbed  soil  condition.  In  addition,  sprinkler  irrigation  can  be  used  on 
land  that  is  too  steep  to  permit  the  proper  use  of  other  methods,  and  makes 
full  use  of  land  by  eliminating  the  need  for  a  permanent  distribution 
svstem  The  limitations  of  sprinkler  irrigation  lie  in  the  high  initial  cost, 
although  operational  labor  costs  are  rednced.  The  power  re<,nirements  are 


Fig.  H-15.  Three  lar^e  diesel  eiu^ines  of 
this  ti/pe  provide  power  for  sprinkler  ir- 
ri<’alion  on  a  lar^e  Midwestern  sod  faun. 

[Gouitc-sy  Iiilcrnatioiial  llarvcstir  Corp.] 


W'dicr  Management 


18J 


Fig.  6-16.  Sprinkler  irrigation  is  practical  as  a  result  of  portable, 
lightweight,  ahnniniitn  pipe.  The  sprinkh  r  pattern  must  he  over¬ 
lapped  about  4(N  to  achieve  uniform  aj)j)licatio)i  of  water. 

[Courtesy  USDA.] 

liigh,  for  water  pressures  of  15-100  Ib./in.-  must  ])e  maintained  (Fig.  6-15). 
The  chief  operational  difficulty  is  high  wind,  which  disturbs  the  sprinkler 
patterns  and  results  in  uneven  water  distribution. 

Sprinkler  irrigation  etpiipment  operates  with  nozzles  or  perforated  pipe. 
Rotating  sprinkler  heads,  the  most  widely  used  type,  apply  water  to  circular 
areas  at  rates  of  0.2  in./hour  to  over  1.0  in./hour  (Fig.  6-16).  In  order  to 

obtain  proper  coverage  the  overlap  should  be  one-fourth  to  one-half  of  the 
wetted  circle. 


suBSURrACE  IRRIGATION.  Subsuiface  irrigation  involves  creating  and 
maintaining  an  artificial  water  table.  In  order  for  such  a  system  to  function 
pioperly,  the  ground  must  be  level,  and  subsurface  soil  must  be  permeable 
enough  to  permit  the  rapid  moNement  of  ^^•ater  laterally  and  xertically.  A 
barrier,  such  as  an  impervious  layer,  must  be  ax'ailable 'to  prevent  the’ loss 
of  water  through  deep  percolation.  A  distribution  s\stem  of  ditches  and 
laterals  permits  the  artificial  ^^•ater  table  to  be  raised  or  loNNcred  bv  pump¬ 
ing  water  into  or  out  of  the  system.  There  are,  howe\  er,  relatively  few  places 
m  the  United  States  where  these  specialized  conditions  e.xist.  A  good  exam- 
ple  IS  the  San  Luis  \’alley  of  Colorado,  an  important  potato  producing  area. 
Subirrigation  is  also  common  in  organic  .soils. 

1  lie  l<'\cl  a(  vv  hicli  tlic  water  table  is  T.iaintaiiietl  in  organic  soils  lias  main- 
rannheyons.  The  ,nost  favcrable  plant  growth  is  acbieeerl  with  a  water 
table  ol  yye  iron,  tbe  snriaee  of  tbe  soil,  tbe  tolera.Ke  xarving  so.ne- 
w-bat  w,tb  tbe  plant.  Kor  e.va.nple,  sneb  crops  as  mint  and  celerv  rc^inire  . 
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water  table  of  about  18  in.  The  water  table  also  affects  organic  soil  sub¬ 
sidence,  which  is  the  “loss”  of  soil  due  to  drying,  settling,  compaction,  slow 
oxidation,  and  wind  erosion.  The  rate  of  subsidence  increases  as  the  water 
table  drops.  One  of  the  problems  associated  with  a  high  water  table,  how¬ 
ever,  is  caused  bv  excessive,  unexpected  rainfall.  Unless  the  water  table  can 
be  (jnicklv  lowered,  uncontrolled  flooding  may  result  and  cause  extensive 
crop  damage. 

Deterininiii"  Irrigation  Requirements 

Irrigation,  while  often  capable  of  yielding  enormous  benefits,  may  be  a 
wasteful,  and  even  a  harmful  practice,  if  applied  incorrectb-.  The  deter¬ 
mination  of  when  and  of  how  much  water  to  supply  in  relation  to  ciop  pio- 
duction  is  one  of  the  main  problems  in  irrigation.  In  a  sense  this  re(|uires 
that  an  accounting  svstem  be  established  that  will  determine  whethei  oi  not 
the  available  water  will  meet  crop  needs  in  spite  of  loss  due  to  evapoiation, 
transpiration,  runoff,  and  percolation.  The  net  deficiency  not  compensated 
by  natural  precipitation  may  be  made  up  by  irrigation.  The  timing  of  appli¬ 
cation  can  be  extremely  critical  because  of  the  nature  of  the  plant  leijuiie- 
ments  in  relation  to  stage  of  growth.  In  snap  beans,  for  example,  moisture 
stress  during  flowering  and  pod  formation  seriously  depresses  the  yield  as 
u  result  of  flower  uliscissioii  iiiitl  o\oIe  .llroition. 

Tliere  are  two  approaches  to  the  determiiiatioo  of  irrigation  reqoirenu-nts. 
One  concerns  tlie  measurement  of  soil  moisture,  from  whicli  the  available 
moisture  is  cletermined.  The  other  involves  calculating  the  status  of  water 

availability  from  meteorological  data.  ,  i  . 

Tbe  accurate  determination  of  soil  moisture  is  an  essential  tool  lor  deter- 
mining  irrigation  re<|nirements.  Although  the  experienced  person  can  eval¬ 
uate  smil  .noisture  fro.n  the  "feer  of  the  soil  (Table  6-3),  this  rough  test 
varies  with  the  soil  and  the  person  making  the  test.  There  are  now  xanons 
ohiective  methods  available.  Soil  moisture  may  he  calculated  from  t  le 
xveight  of  soil  taken  before  and  after  oven  drying.  Tins  graMinetnc  pro¬ 
cedure  is  exact,  hut  it  is  slow  and  laborious.  More  rapid  methorls  are  has.'d 
on  the  ability  of  a  st.rptio.r  hhtek  made  of  gypsum  or  other  por,,us  mate,  ,al 
to  absorb  water  in  proportion  to  the  amount  present  n,  the  soil.  P'-' 
centage  of  the  soil  moistu.e  in  the  plaster  block  may  he  deter, nmed  hx 
,veiglh  or  hv  dir,.ct  ,neas,„e,ue„t  of  the  electrical  conrluctance  or  res,sta„ce 
l,,,xt,.e„  electrodes  insert..,!  in  the  block.  Anoth..,  <lex,ce  call, ..I  a  m,,- 
sio,„..t...  gives  an  halication  of  xxater  availability.  It  consists  ol  a  porous  cu, 
..1  xx  ith  xx  at,.r  a,„l  attach..,!  to  a  x  acuu.n  gauge  or  n.ercuy  n.ano.uet. , 

I, a,  .neasures  the  teusion  at  which  the  xvat..,'  is  hel.l  to  the  so.l.  In  . . 
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Tahle  6-3.  Feel  chart  for  the  detenuination  of  aioistiire  in  ioediuv\-  to  fiiie- 
textined  soils.  With  sandif  soil,  the  halls  are  more  friable  and  frafs.ile  thronnh- 
ont  the  whole  ranne. 

(From  Strong,  in  Sprinkler  Irrigafioii  Manual.  A\‘righl  Rain,  Kingwood,  England,  1956.] 


DECiHEE  OF 

.MOISTFKE 

F  E  E  I. 

FERCEXT  OF 

FIE  El)  (  AI’.MITY 

I  )ry 

Powder  dry 

None 

l.ow  (critical' 

(’ruml)ly,  will  not  form  a  hall 

J..(“s.s  than  2.3 

f'air  (usual  time  to 

Forms  a  hall,  hut  will  crumhie  u])oii 

2.3-.3() 

irrigate) 

hciiig  tossed  several  times 

( lood 

forms  a  hall  that  will  remain  intact 
alter  hein<>  tos.sed  five  times,  will  stick 
slightly  with  pressure 

.50  To 

Kxccllenl 

Forms  a  durahle  hall  and  is  pliable; 
sticks  readily;  a  sizable  chunk  will 
stick  to  the  thumh  after  soil  is  .s(|ueezed 
firmly 

7.3-100 

'I'oo  wet 

^^ith  firm  pre.ssure  can  s(|ueeze  .some 

Over  field 

water  from  the  hall 

capacity 

Other  sopliisticated  procedures  are  a\ailahle  that  are  liased  on  the  tliermal 
properties  or  on  the  neutron-scattering  potential  of  tlie  soil.  At  present  the 
gra\'imetric  method  must  be  considered  the  most  accurate.  The  rapid  soil- 
measuring  devices  (for  example,  the  tensiometer  and  the  irrometer)  have 
not  proved  altogether  successful,  owing  in  part  to  the  random  variation  of 
soil  moisture,  the  difficulty  of  achieving  intimate  contact  of  the  sorption 
block  with  the  soil,  and  the  problem  of  determining  proper  placement  in 
the  root  zone  for  measurement. 

Meteorological  aod  climatological  (lata  offer  a  poreerfol  tool  for  measurins; 

t  le  status  of  available  water.  The  procedure  involves  the  calculation  of  c<m- 

sumiilwe  n.sc-the  water  lost  hy  evaporation  and  transpiration-which  is 

probahly  the  best  index  of  irrigation  re(|uirements.  Consumptive  use  s  aries 

xvitb  a  great  number  of  factors:  temperature,  hours  of  sunshine,  hnmiditv 

wind  movement,  amount  of  plant  cover,  the  stage  of  plant  development,  and 
available  moisture.  i 

High  rates  of  water  consumption  are  associated  (vith  a  high  percentage  of 
plant  cover  and  with  hot,  drv,  windy  conditions.  Becansc^i  rtimum  pL! 
erfor, nance  ,s  associated  with  an  adcpiate  uninterrupted  suppiv  of  water 
|.eak  re,|u,rements  must  he  considered.  Crops  have  the  highest  water 


Inches  per  d<^y 
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ro(juiR'nn'nts  in  the  fruiting  or  seed-forming  periods  (  hig.  6-17).  .\n  approx¬ 
imate  relationship  hetwi'en  the*  peak  moisture  use  of  hortienltiiral  eroj^s  and 
climate  is  gi\’en  in  I  ahle*  6-4.  Plants  differ  in  their  w  ater  re<nmenu“nts 

largely  in  relation  to  their  ground- 
covering  ability  and  their  depth  of 
rooting  (Table  6-5).  The  rela¬ 
tionship  betw'cen  water  recpiire- 
ments  and  depth  of  rooting  might 
be  .somewhat  less  than  expected 
because  deep-rooted  plants  obtain 
their  greatest  percentage  of  mois¬ 
ture  from  the  upper  surface  of  the 
root  zone. 


0.10 


F'ig.  6-17.  Rate  of  water  use  of  peaches 
in  a  cool,  dry  climate. 

[.Xilaptecl  from  Strong,  in  Sprinkler  Irrii’tilion  Mitn- 
uiil,  W  right  Hain,  Ringwood,  England.  1956.] 


The  amount  of  axailable  moisture  provided  by  rain  may  be  \’ery  much 
less  than  the  total  rainfall.  Owing  to  soil  evaporation  and  the  slow  rate  of 
infiltration,  show'ers  that  provide  less  than  ]  in.  during  the  hot  summer  days 
mav  contribute  very  little  to  available  soil  moisture.  On  the  other  hand,  a 
high  proportion  of  water  from  heavy  precipitation  may  be  lost  by  runoff. 
The  effectiveness  of  precipitation  therefore  depends  upon  the  mten.sity,  as 
well  as  upon  the  amount,  in  relation  to  temperature  and  the  absorbing  ea- 

of  tile  soil.  ,  . 

It  has  been  possible  to  determine  a  satisfactory  consnmptive-nse  mdex 

for  a  particnlar  area  by  using  monthly  averages  of  mean  temperature  am 
Table  (i-4.  Aucrage  peak  woislwc  me  for  con, , mm  irrigated  ho,tic„ll„ral  crop.', 

m".m'sLn7iS«l<trr  trrto.tio..  Wriah.  nain,  ICawo,.,!.  Enelan.l.  lOW,] 
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liours  of  sunshine.  Empirically  derived  constants  are  available  for  adjusting 
these  values  for  different  crops.  Any  w  ater  deficit  can  be  calculated  by  sid)- 
tracting  the  consumptive-use  recpiirements  from  the  available  w^ater  present. 
Potential  evapotranspiration  ( the  combination  of  evaporation  and  transpira¬ 
tion  w'hen  the  surface  is  completely  covered  with  vegetation  and  there  is  an 
abundance  of  moisture)  can  be  calculated  by  using  the  Bellani  black-plate 
atmometer,  a  relatively  simple  instrument  used  to  measure  evaporation  ( Fig. 
6-18),  and  bv  estimating  the  percentage  of  ground  cover. 

Because  all  of  the  irrigation  water  applied  is  not  available  to  the  crop, 
the  amount  applied  must  be  based  on  irrigation  efficienct/,  tbe  percentage  of 
irrigation  w'ater  applied  in  relation  to  that  w^hich  becomes  available  for  con¬ 
sumptive  use.  Water  should  be  applied  to  bring  the  soil  up  to  field  capacity’ 
at  a  depth  commensurate  with  the  bulk  of  the  feeder  root  system.  The  rate 
must  be  consistent  w’ith  the  absorptive  properties  of  the  soil.  Irrigation  is 
best  applied  when  the  w'ater  tension  in  the  zone  of  rapid  w'ater  reinox  al 
goes  above  four  atmospheres  or  w'hen  60/?  of  the  available  w  ater  in  the  root 


Table  6-.5.  Normal  root  zone  depths  of  mature  irrigated  crops  grown  in  a  deep, 
permeable,  well-drained  soil. 

[From  Shockley,  in  S)>rinkler  Irrigaticm  Manual,  Wright  Rain,  Ringwood,  England.  1936.] 
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zone  is  depleted.  Tlie  amount  of  water 
inarilv  related  to  the  soil  fertility  level. 


• 


that  can  he  efficiently  utili/etl  is  pri- 
Thc  maximum  benefits  of  irrigation 
are  dependent  upon  the  existence 
of  a  readily  available  nitrogen  sup- 
ply. 

Dvainage 

Drainage  is  the  removal  of  excess 
gravitational  water  from  the  soil. 
Under  conditions  of  good  natural 
drainage,  surplus  surface  and  soil 
water  is  rapidly  removed  to  streams 
and  rivers.  The  poor  natural  drain¬ 
age  of  some  areas  is  a  result  of 
several  factors.  Such  areas  may 
have  a  high  natural  water  table  due 
to  an  impervious  layer  that  prevents 
downward  percolation,  resulting  in 
waterlogged  soils.  Others  may  he 
low-lving  in  relation  to  surrounding 
drainage  and  recei\e  more  water 
than  can  be  remo\ed.  Some  areas 
are  subject  to  flooding  brought 
about  by  the  overflow  of  streams 
and  ri\  ers.  Flooding  can  he  averted 


Fis;.  6-lS.  The  Bellani  hlack-plate  at- 
Diomctcr  measures  evapoiatioii.  Potential 
evapotranspiration  ean  he  calculated  hij 
taking  readings  with  this  instrument  and 
estimating  total  plant  cover. 

[(Courtesy  W.  H.  Cabelman.] 

the  construction  of  dams  and  resers  oirs 


either  by  building  protective  levees 
or  controlling  the  rate  of  water 
movement.  This  is  accomplished 
as  a  part  of  a  program  of  upstream 
watershed  management  through 
the  control  of  excess  runoff  or  by 
to  restrict  the  flow  in  times  of  excess 


water  mo\ement.  ,  ,  .  i  i 

Tlie  facilitation  of  natural  drainage  is  Irnth  a  land  reclamation  and  a  cul¬ 
tural  irracticc.  Tlie  iionnancnt  drainage  of  uctlands  lias  been  a  significant 
;:;:;„r'in  tlm  cxpan.!ion  of  agriculture  in  tlie  eastern  United  States,  wliero 
snnie  of  tin-  most  productive  cropland  was  form.-rly  wortliless  inarsli  and 
swam,,  Not  all  wetlands  are  suitable  for  drainage,  bn,  tliev  still  reman,  val¬ 
uable  for  wildlife,  forest,  and  reereatinnal  use.  .\s  a  cultural  piactice,  diam- 


Water  Mcnuif^cmcnt 
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age  consists  in  remox  ing  tlic  excess  water  wliieli  interferes  witli  plant  de- 
x’elojnnent  and  witli  tlie  perfonnanee  of  siieli  operations  as  tillage  and 
liarxesting.  It  is  neeessarv  when  the  natural  renioxal  of  water  by  runoff,  per¬ 
colation,  and  exapotranspiration  is  too  sloxx'.  Drainage  extends  the  potential 
groxxing  season  bx'  permitting  earlier  tillage  in  lands  that  are  consistently 
xx'et  in  the  spring. 

Excess  xx  ater  can  be  remox  ed  bx'  surface  and  subsurface  drainage.  Surface 
drainage  refers  to  the  remox  al  of  surface  xx  ater  by  dex  elopment  of  the  slope 
of  the  land.  Subsurface  drainage  is  accomplished  by  the  construction  of 
open  ditches  and  tile  fields  to  intercept  ground  xx^ater  and  carry  it  off.  The 
xx  ater  enters  the  tiling  through  the  joints,  and  drainage  is  achieved  by  grax^- 
itv  feed  through  the  tiles.  The  prol)lem  of  drainage  design,  xvhich  involves 
the  depth,  size  and  number  of  drains  to  be  installed,  is  concerned  xvith  the 
physics  of  ground  xx  ater  mox  ement. 


Water  Conservation 


W’ater  is  of  national  concern.  For  a  nation  to  prosper  an  abundant  source 
of  high  quality  xxater  must  be  available  for  agricultural  and  industrial  use 
as  xxell  as  for  human  consumption  and  sanitation.  The  misuse  of  xvater  re¬ 
sources  leads  to  alternate  flood  and  drought,  problems  that  affect  all  of  us. 

W'ater  conserxation  implies  the  proper  stexx  ardship  of  our  xvater  resources 
as  a  xx'hole.  It  may  inxolve  large  programs  to  control  flooding,  dexelop 
hydroelectric  poxver,  and  facilitate  naxigation.  These  are  problems  that  re- 
(juire  national  effort.  Water  conservation  also  inxolxes  the  control  of  xxater 
resources  on  a  smaller  scale.  It  must  therefore  be  a  part  of  the  xx'ater  man¬ 
agement  of  every  individual  enterprise. 

Soil  management  practices  cUweloped  for  the  efficient  utilization  of  xx  ater 
inxolx’e  the  control  of  soil  erosion  and  the  conserx  ation  of  soil  moisture  bx’ 
the  contiol  of  soil  runoff  and  the  increase  of  the  xxater  absorption  capacitx' 
of  the  soil.  It  may  include  practices  such  as  mulching  or  the  close  moxving 
of  sod  in  orchards,  xxhich  are  designed  to  reduce  the  remox  al  of  xvater  from 
the  soil.  Because  horticultural  crops  are  high  u.sers  of  xvater,  the  extreme 
practices  of  dryland  farming,  such  as  falloxx  ing,  to  conserve  moisture  xx  ith- 


out  resorting  to  irrigation  are  usually  not  practical.  In  falloxving,  the  ground 
IS  left  implanted  for  a  xvhole  year  and,  in  an  effort  to  build  up  "soil  moisture, 
is  cultivated  only  to  eliminate  xveeds.  In  order  for  horticultural  crops  to  be 
groxvn  xvhere  xvater  is  insufficient,  irrigation  is  es.sential.  But  irrigation  de¬ 
pends  on  large  sources  of  xxater.  Hence,  xvhere  organized  irrigation  facilities 
are  not  axailable.  and  xxhere  lakes  or  streams  xxith  sufficient  floxx-  do  not 
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adjoin  tlio  property,  a  source  ot  water  sjipply  must  he  developed.  Irrigation 
wells  oiler  one  possil)ilit\'.  These  are  large  volume  wells  capable  ol  supply¬ 
ing  the  high  (juautities  ol  water  required.  Storage  ponds  or  reservoirs  are 

hecomiug  increasingly  important  as 
^  a  source  ol  irrigation  water.  They 
are  usually  made  by  constructing 
an  earth  dam  across  a  gulley  or  an 
intermittent  or  spring-led  stream 
(Fig.  6-19). 

The  problem  ol  water  rights  ha\  e 
social  as  well  as  economic  implica¬ 
tions.  These  implications  are  re¬ 
flected  in  our  laws.  The  Riparian 
hue,  the  common  law  iinoKing 
water  rights  with  respect  to  ri\'ers 
and  streams,  has  established  a  legal 
framework  lor  disputes  concerning 
water  diversion  and  distribution.  In  this  common  law,  property  rights  do 
not  iinoKe  complete  ^^’ater  rights  except  lor  personal  use.  Neither  the 
landowner  nor  anyone  else  owns  the  water  or  may  divert  it  from  its  noimal 
flow.  However,  because  of  dillerences  in  water  a\ailabihty  from  one  region 
to  another,  the  common  law  has  been  modified  throughout  the  United 
States  The  right  to  use  uater  from  streams  for  irrigation  is  Nariable  and 
depends  on  state  law.  Similarly  the  right  to  pump  underground  water  for 
irrigation  differs  ^^•idely  from  state  to  state.  The  legal  codes  must  be  clearly 
understood  in  situations  concerning  irrigation  and  drainage  procedure. 


Fig.  6-19.  Artificialhj  created  storage 
ponds  are  an  important  source  of  irriga- 
tion  icater. 

[Courtesy  U.S.  Soil  Conservation  Service.] 


T  i:  M  1>  K  K  A  T I  K  IC  C  O  N  T  K  O  L 

Plant  i>ro«’th  slio«  s  a  marked  respo.ise  to  small  changes  in  tonperatmo, 
„Kl  if  extremes  in  tenrperatnre  persist  for  even  sirort  periods  o  tnne,  they 
„  ill  lead  t<,  irreversible  cha.rges  of  state,  resniting  in  death  to  the  p  ant 
whole  or  in  part.  Methods  for  the  control  of  tenrperatnre  nr  the  enItuR.  r.t 
horticnitnre  crops  rarv  greativ.  For  the  great  nraiority  ot  crops  theie  is  no 
..ctive  control,  hot  rather  an  adaptation  thi'ongh  selection  of  oeation,  site 
an,!  choice  ot  plant.  This  is  tliscnssetl  fnrther  in  Cihapter  12.  kor  some  h  i 
grown  horticnitnral  plants  an  active  attempt  may  he  matt  to  mot  i  >  . 
tn^ iorate  extremes  in  temperature  through  cnltnral  practices  such  s 
Itll^ind  rarions  techni.pies  ot  trost  control.  The  regulation  ot  teim 
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pcMature  in  greenlioiise  culture  can  be  complete,  involving  artificial  beating 
and  cooling. 


C'tilfttral  Practices 

Mulching 

Mulclie.s  are  insulating  substances  spread  over  the  surface  of  the  soil  ( Fig. 
6-20).  Although  one  of  their  chief  purposes  is  the  regulation  of  soil  tempera¬ 
ture,  they  servo  manv  other  functions.  Mulches  conserve  soil  moisture  be¬ 
cause  thev^  reduce  evaporation  bv  lowering  the  soil  temperature  and  by 
increasing  the  absorptive  capacitv  in  the  upper  layer  of  soil.  Erosion  is 
reduced  as  a  result  of  decreased  surface  runoff  and  the  shielding  effect  of 
the  mulch  to  driving  rain.  Midch  is  commonly  applied  for  this  reason  to 
newly  planted  lawns  and  seed  beds,  especially  on  sloping  areas.  Mulches 
mav  control  weeds  and  eliminate 


the  need  for  cultivation  by  smoth¬ 
ering  weed  growth  and  cutting 
off  light  from  the  soil  surface.  It 
offers  protection  to  flowers  and 
fruit  from  mud-splattering  rain. 

This  is  especially  important  in  low- 
growing  crops  such  as  strawberries. 

In  addition,  mulches  mav  be  a 
source  of  organic  matter  and  nutri¬ 
ents  to  the  soil.  Mulching  is  often 
desirable  for  its  own  sake,  since 
its  pleasing  appearance  provides  an 
attractiv'e  background  for  flovv'ers 
or  plant  material. 

Mulches  may  be  applied  during  the  active  growth  {siinnncr  nndch)  or  be 
lestiicted  to  late  fall  to  provide  cold  weather  protection  {winter  niiilch). 
Although  the  benefit  of  the  summer  mulch  is  attributed  to  a  number  of 
factors  (for  example,  moisture  con.servation  and  weed  control)  the  principal 
benefit  of  winter  protective  mulch  is  its  influence  on  temperature. 

T  he  temperature-stabilizing  affect  of  summer  mulches  is  due  to  insula¬ 
tion,  heat  absorption,  and  shading.  The  surface  of  bare,  dark-colored  soils 
on  a  sunny  midsummer  day  may  be  30  higher  than  air  temperature.  The 
reduction  in  soil  temperature  attained  as  a  result  of  mulching  appears  to 
increase  nutrient  availability,  and  improves  root  growth  and,  ultimatelv,  tlu' 
performance  of  manv  plants. 


Fig.  6-20.  Corncobs  make  an  inexpen¬ 
sive  mnleli  for  apple  orehanls  in  the  Corn 
Belt  slates.  7  he  mulch  is  spread  around 
the  drip  line  of  the  tree. 
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Tlie  teinperature-regulating  effect  of  a  winter  protective  inulcli  is  two 
fold.  One  effect  is  to  temper  extremelv  low  winter  temperatures.  This  is 
aeliieved  through  the  insulation  effect  pro\ided  hy  the  mulch,  which  con- 
ser\es  ground  heat.  The  other  effect  is  to  stabilize  and  buffer  soil  tempera¬ 
ture  and  prevent  recurring  freezing  and  thawing,  which  rips  and  injures 
plant  roots  through  soil  heax  ing.  During  winter  warm  spells  in  cold  climates, 
a  mulch  tends  to  keep  the  ground  frozen  by  providing  insulation  and 
shading.  Thus,  not  only  does  a  mulch  “warm”  the  plant  under  extreme  winter 
weather,  but  it  also  keeps  it  cold  during  unseasonable  warm  spells.  By 

keeping  them  under  a  winter  mulch, 
spring-flowering  plants  may  be  de¬ 
layed  from  early  blooming  to  avoid 
the  damaging  effect  of  spring  frost. 

The  application  of  winter  mulch 
is  usually  made  after  a  light  freeze 
so  as  not  to  delay  dormancy.  Ten¬ 
der  plants,  such  as  roses,  may  be 
protected  by  mounding  the  crown 
with  soil,  .\fter  the  mound  is 
frozen  it  is  coxered  xvith  an  in¬ 
sulating  organic  mulch.  Winter 
mulching  is  a  standard  practice  in 
straxvberry  culture.  After  the  plants 
have  become  dormant  in  the  fall, 
but  before  heavy,  injurious  freezes,  the  entire  planting  is  usually  covered 
xvith  2-3  in.  of  straxv  (Fig.  6-21).  The  plants  are  uncovered  in  spring,  xvhen 
groxx  th  can  no  longer  be  prevented.  The  excess  straxv  is  then  moved  to  the 
middle  of  the  roxxs,  xxhere  it  serves  to  keep  the  fruit  clean.  If  frost  is  ex¬ 
pected  during  flowering,  recoxering  the  plant  achieves  a  measure  of  pro¬ 
tection. 

Most  mulching  materials  consist  of  plant  refuse  or  by-products:  leaves, 
straxv,  sawdust,  corn  cobs,  peat,  tobacco  stems,  pine  needles,  wood  chips, 
or  paper.  The  main  xalues  of  summer  mulches  are  relatively  independent 
of  the  material.  Inorganic  substances  such  as  rockxvool  or  gravel  are  effectixe. 
A  good  mulch  must  be  economical,  available,  and  easy  to  handle.  It  must 
also  be  stable  in  order  that  it  xxill  not  easily  xvash  or  bloxv  away.  Mulches 
used  around  the  home  must  be  nonobjectionable  as  to  odor  and  appearance. 

Some  of  the  problems  associated  xvith  mulching  materials  arise  from  their 
tendency  to  act  as  sources  and  harborers  of  plant  pests-xxeeds  disease- 
producing  microorganisms,  and  rodents.  Because  of  the  disease  problem,  the 


Fig. 


6-21.  Mechanized  midching 
straw  berries. 

[Courtesy  Fridiiy  Tractor  Co.,  Hartford,  Mich.] 
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refuse  of  tlie  plant  ])eing  protected  should  not  he  used  as  innlcli.  Straw  that 
has  been  iinproperlv  handled  inav  contain  weed  or  grain  seed,  which  may 
contrihute  to  tlie  weed  population  the  following  spring.  Fresh  straw’  should 
he  prespread  and  moistened  during  warm  weather  to  induce  germination 
before  being  used.  The  use  of  mulch  in  orchards  must  be  accompanied  In’ 
rigid  methods  of  rodent  control,  lest  rodents  build  up  to  damaging  popula¬ 
tions  in  the  fa\’orable  environment  that  a  deep  mulch  affords. 

Many  mulching  materials  are  highly  inflammable  and  present  a  fire  haz¬ 
ard.  Straw'  mulch  in  particular  should  not  be  placed  too  close  to  buildings. 
Unless  partially  decomposed,  fresh  leaves  make  unsatisfactory  mulch  be¬ 
cause  they  tend  to  pack  closely,  and  may  smother  plants.  Although  organic 
mulches  decompose  and  will  eventually  contribute  plant  nutrients,  the  higli 
carbon  content  of  many  of  these  materials  may  contribute  to  nitrogen  de¬ 
ficiency.  This  is  especially  true  if  the  mulch  is  plowed  under.  This  can  be 
avoided  by  applying  extra  nitrogen. 


Frost  Control 

A  nnniber  of  techni(jues  are  used  to  avoid  the  destructiv'e  consetjuences 
of  spring  frost.  Spring  frost  may  be  avoided  by  late  planting.  Althougli  frost 
conditions  may  be  predicted  on  a  probability  basis,  it  is  not  abvavs  practical 
to  plant  at  the  last  frost-free  date.  Even  this  date  is  only  a  statistic.  The 
spring  culture  of  seedlings  in  protective  structures  circumvents  frost  filled 
weather.  Frost  control  for  perennial  plantings,  howev’er,  must  depend  on 
more  substantial  procedures. 

The  judicious  choice  of  location  and  site  remain  the  main  bulwark  against 
frost.  Cultural  practices  used  in  the  control  of  frost  involv’e  techni({ues  that 
either  encourage  the  conservation  of  heat  or  add  heat  directly.  The  con- 
serv'ation  of  heat  is  brought  about  by  any  method  that  will  increase  dav- 
time  absorption  of  heat  by  the  soil  or  prevent  its  loss  at  night.  This  can 
be  accomplished  by  using  hot  caps  (Fig.  6-22),  by  cultivating,  or  by  fog- 
ging.  The  addition  of  heat  can  be  accomplished  in  a  number  of  ways,  for 
example,  by  using  heaters,  by  flooding,  by  spray  irrigation,  or  bv  artificial 
air  movement.  These  methods  will  be  discussed  more  fully  along  with  the 
meteorological  aspects  of  frost  in  Cihapter  12,  Ilorticnltural  Geography. 


Pldut-oroicinu  Structures 


C'old  Frames 

An  inoNpensive  form  of  tomperatorc  co.rtrol  for  seedlings  and  transplants 
nrmg  the  early  spring  is  acliieved  with  the  cold  fiaitic.  A  cold  frame  is 
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Fig.  6-22.  Hot  caps  protect  early  tomatoes  in  California’s  San  Luis  Rey  district. 
The  hot  cap  is  made  of  a  translucent  paper  and  acts  as  a  miniature  Green¬ 
house. 

[C.’oiirtesy  USDA.] 


an  enclosed  ground  bed,  usually  sunken,  with  a  removable  sash.  Heat  is 
provided  through  tlie  trapping  of  solar  energy.  Temperatures  inside  the 
cold  frame  increase  relative  to  the  air  during  the  day  when  the  sash  is  m 
place  due  to  the  “greenhouse  effect”  (see  Chapter  4).  Heat  is  stored  in 
the  soil  during  tlie  niglit,  and  plants  can  be  protected  even  though  outside 
air  temperatures  dip  below  freezing.  With  especially  low  temperatmes, 
insulating  material  such  as  straw  is  sometimes  placed  (ner  the  sash.  Tem¬ 
peratures  are  maintained  during  the  day  by  raising  or  removing  the  sash. 
Clold  frames  are  commonly  used  for  starting  early  transplants  from  seed  or 
as  a  means  of  hardening  off  greenhouse-grown  transplants. 


ITotheds 

Hotbeds  are  essentially  cold  frames  pro\  ided  with  a  supplemental  source 
of  heat.  Additional  heat  may  be  pro\’ided  by  fermentation,  hot  \\ater, 
steam,  or  electricity.  Fermentation  heat  is  prosided  from  decaying  organic 
matter,  most  commonlv  strawy  manure,  placed  under  tlie  plants.  I  he  use 
of  hot’ air,  steam,  or  hot  water  .systems  are  usually  arranged  to  heat  the 
soil  bv  conduction.  Flectrical  l.eating  also  provides  ground  heat  through  the 
use  of  a  soil-heating  cable.  Tliermostatically  regulated  electrical  lunitmg 


193 


Tempera  lure  Control 

provides  precise  temperature  control.  Sucli  systems  can  be  easily  installed; 
tlie  operating  cost  depends  upon  electrical  rates. 

Greenhouses 

Greenhouses  (in  England  they  are  referred  to  as  glass  houses)  are  more 
or  less  elaborate,  permanent  structures  ecjuipped  not  only  to  regulate  tem¬ 
peratures  but  to  provide  increased  environmental  control  of  plant  grow'th 
(Fig.  6-23).  Because  of  the  great  amount  of  control  that  must  be  achiev^ed 
in  greenhouses,  this  tvpe  of  culture  becomes  an  extremely  specialized 
operation. 

In  ordinarv  greenhouses  temperature  is  regulated  through  a  heating  and 
ventilation  sv'stem  similar  to  that  of  the  hotbed.  A  central  coal  or  oil  furnace 
supplies  the  heat.  In  Europe,  portable  “steam  plants”  are  available.  Pe¬ 
ripheral  steam  heating  is  the  most  commonly  used  distribution  system, 
although  heating  pipes  may  be  placed  under  benches  in  large  greenhouses. 
\’entilation  is  provided  at  the  sides  and  top  of  the  structure.  Automatic 
controls  are  available  for  both  heating  and  ventilation. 

Temperature  control  during  cold  seasons  is  a  matter  of  adjusting  heat¬ 
ing  and  ventilation  to  take  maximum  advantage  of  solar  heat.  In  warmer 


Fig.  6-23.  Greenhouse  caniation  production.  The  majoritif  of 
canuilions  produced  in  the  United  litotes  are  g^rown  under  ^lass. 

[Photo^rapli  l)y  J.  C-’.  -Allen  &•  Son.] 
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weather,  however,  it  becomes  increasingly  difficult  to  maintain  reasonable 
temperatures  for  plant  growth  with  an  ordinary  ventilation  system.  Some 
greenhouse  cooling  is  achieved  by  shading  the  glass  with  a  whitewash 
spray.  The  whitewash  is  made  in  such  a  wav  that  it  will  wx'ather  off 
naturally  by  fall.  Fan  and  pad  cooling  pro\ides  an  economical  system  for 
lowering  summer  greenhouse  temperatures.  Cooling  is  achieved  by  the 
evaporation  of  circnlated  w  ater  through  excelsior  or  some  other  high-surface 
material  (Fig.  6-24).  Fans  opposite  the  cooling  “pads”  draw^  the  cooled 
air  across  the  greenhouse.  The  efficiency  of  the  system  increases  as  the 
humiditv  goes  down.  Even  in  the  hot,  humid,  midw'estern  Ehiited  States, 
temperatures  can  be  kept  at  least  on  a  par  with  the  outdoor  shade. 

The  use  of  refrigeration  etpiipment  is  not  economical  for  commercial 
greenhouse  cooling,  although  it  is  used  to  obtain  uniform  temperatures 
for  experimental  conditions.  Refrigeration  ecjuipment  is  widely  used  in 
greenhouses  for  storage  purposes. 

Plastic  films  ha\'e  proved  to  be  a  (piick  and  inexpensive  substitute  for 
"lass  and  have  found  a  ready  market  for  cold  frames,  hotbeds,  small  sash 

O 

houses,  and  greenhouses  (Fig.  6-25).  flowever,  although  glass  greenhouses 
haxe  a  high  initial  construction  cost,  they  still  compare  favorably  with 
plastic  greenhouses  in  price  on  a  long-term  depreciation  basis.  The  light¬ 
absorbing  (pialities  of  plastic  are  similar  to  those  of  glass.  At  present,  a 
number  of  different  txpes  of  plastic  coverings  are  axailable.  These  xarx’ 
from  polyethylene  films  to  the  more  rigid  plastics.  Since  some  polyethylene 
films  disintegrate  under  the  influence  of  ultraviolet  light  during  the  sum¬ 
mer,  they  must  be  replaced  each  fall.  This  prox  ides  a  uni(iue  adxantage 
in  that,  xvith  the  plastic  removed,  the  summer  cooling  problems  are 
eliminated  entirely.  Ultraviolet-resistant  polyethylene  is  noxx  axailable. 
Shade  cloth  mav  be  substituted  for  pla.stic  on  the  frame  during  the  snm- 

Fi".  0-24.  Fan  and  pad  orccnhon.se  cooling  installation.  Xofr  cooling  pads  in 
foreground. 


Tempera  I  tire  C'ontrol 
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Fi".  6-25.  Plastic  greenhouses  arc  a  convenient,  inexpensive  structure.  The  poh/- 
(llujlene  plastic  is  removed  in  the  spring,  wlum  temperatures  get  too  high, 
and  is  re})laced  in  the  fall.  The  frame  ean  then  be  covered  with  shade  eloth 
and  the  strueture  eonverted  to  a  shade  house.  (Above)  A  seissor-tijpe,  truss- 
rafter,  plastic  greenhouse  in  the  ])roeess  of  beiiig  covered.  (Below)  A  gothie- 
rafter,  plastic  greenhouse.  The  insulated  pipe  carries  .steam  from  the  green- 
hou.se  raiwe. 

C* 

[C;()iiiti-s>  P,  II.  Massey,  Jr.] 

nicr.  riiis  means  of  temperature  control  is,  of  course,  not  possible  with  the 
more  permanent  plastic  coverings. 


Shade  Houses 

Shade  houses  may  either  be  large  walk-in  structures  or  low,  cox'ered 
open  frames.  Although  shading  is  commonly  used  to  reduce  temperature, 
it  is  also  used  to  protect  shade  loving  plants  such  as  chrvsanthemum.  hy¬ 
drangea,  azalea,  and  various  foliage  plants  from  leaf  damage  caused  by 
high  light  intensities.  This  is  accomplished  through  the  use  of  such  ma¬ 
terials  as  lath  or  screening.  In  addition,  various  txpes  of  “shading  cloth” 


the  riant  Encironinent  [(>liap.  6] 

are  a\ailal)k',  wliicli  can  l)e  used  to  cut  down  light  intcnsit\’  hv  dillcrcMit 
amounts. 

Propagation  l)cds  arc  oltcn  located  in  sluidc  lionsi's  to  reduce  cxccssiNc 
transpiration.  Owing  to  tlu*  inadc([uacv  of  their  root  systems,  c.\ccssi\e  lieat 
is  especially  injurious  to  newly  rooted  cuttings  and  transplants.  Less  water¬ 
ing  is  re(|uired  under  shade,  since  transpiration  and  soil  e\aporation  are 
reduced. 


LIGHT  M  O  D  I  F I  C  A  T  I  OX 

The  control  of  light  has  become  a  significant  part  of  the  technology  of 
horticulture.  The  manifold  effects  of  light  must  be  considered  in  terms  of 
([uality,  intensity,  and  duration  in  their  relation  to  the  many  physiological 
processes  in\  olyed. 


Satisfi/in^  Pliotosi/ntliefic  Recfuirements 

Plant  growth  depends  on  the  fixation  of  carbon  during  photosynthesis. 
Although  most  plants  grow  best  in  the  high  light  intensities  of  full  sun 
(.5000-10,000  footcandles),  a  single  leaf  is  light  saturated  at  about  1200 
footcandles.  The  higher  intensities  are  needed,  however,  to  provide  suf¬ 
ficient  light  energy  to  compensate  for  leaf  shading.  Growth  is  much  re¬ 
duced  at  lower  light  intensities.  Most  plants  cannot  grow  below  100-200 
footcandles,  the  level  of  light  in  an  average  room.  The  compensation  point 
is  that  light  intensitv'  at  which  plants  \\ill  maintain  themselves  but  will 
not  grow  .  Foliage  plants  grown  for  decor  are  selected  for  their  ability  to 
maintain  themselves  at  this  level.  For  optimum  appeal ance  thev  must 
usually  be  replaced  within  the  year  nnle.ss  more  light  is  provided  for 
growth.  During  the  winter  the  light  intensity  available  above  plants  m  a 
greenhouse  is  often  between  .300  and  1000  footcandles.  As  a  result  of  this 
low  light  intensity  and  the  short  day  length,  plant  growth  is  often  .severely 

limited. 

Because  of  the  high  energy  re(|uirements  of  photosynthesis  and  the 
present-day  cost  of  power,  it  is  not  economically  feasilile  to  use  supple¬ 
mental  liglit  to  increase  pllotosyntlicsis  in  most  situations.  The  nse  of  sup¬ 
plemental  illumination  for  this  purpose  is  practical  in  the  greenhouse  only 
where  large  numhers  of  “valuahle"  plants,  such  as  seedlings,  are  grown 
in  a  small  area.  Supplemental  light  is  nsed  widel>-  to  increase  growth  m 
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Modification 

studies  or  for  intloor  decorative  plantings  wlicn  cost  is  not 
a  direct  factor. 

In  outdoor  cultivation  the  efficiency  of  light  utilization  may  be  increased 
hv  such  cultural  practices  as  .spacing,  training,  and  pruning.  These  tech- 
ni(jues  are  discussed  in  the  following  chapter.  Rows  running  in  an  east- 
w’est  direction  will  utilize  light  more  efficiently  than  will  rows  running 
in  a  north-south  direction,  where  plants  will  sliade  each  other.  In  most 
situations,  howe\’er,  the  direction  of  the  row  is  usually  go\'erned  by  the 
pre\ailing  slope  of  the  land  or  bv  com  enience. 


Control  of  Daij  Length 

The  control  of  day  length  by  utilizing  either  supplemental  illumination 
or  shading  has  become  a  standard  practice  in  florist  crop  production.  The 
artificial  lengthening  of  the  day,  or  interruption  of  the  dark  period,  makes 
it  possible  to  promote  flowering  in  long-day  plants  or  to  pre\’ent  or  dela\- 
flowering  of  short-day  plants.  Similarly,  under  natural  long  da\'s,  shading 
prevents  flowering  of  long-day  plants  and  promotes  flowering  in  short-dav 
plants.  In  the  culture  of  chrysanthemums,  the  most  important  florist  crop 
in  the  United  States,  it  is  standard  practice  to  control  flowering  by  manipu¬ 
lating  the  photoperiod.  The  extension  of  the  photoperiod  bv  illumination  is 
economical  on  a  commercial  basis  because  of  the  low  light  intensitx'  re- 
(juired  for  the  process.  In  this  way  plants  can  be  induced  to  flower  “out 
of  season.  The  commercial  control  of  flowering  makes  it  possible  to  pro¬ 
duce  a  continuous  supply  of  many  florist  crops.  It  allow's  flower  production 
to  be  synchronized  more  closely  with  market  demand,  which,  in  the  United 
States,  is  governed  by  season  and  holiday.  The  alteration  of  photoperiod 
IS  a  valuable  tool  for  the  breeder,  wTo  may  wish  to  cross  plants  that  tlo 
not  normally  flower  simultaneously. 

.An  inciease  in  photoperiod  is  achiesed  by  extending  the  day  length  to 
about  17-18  hours.  The  same  effect  can  be  achie\'ed,  howex  er,  bv  interrupt¬ 
ing  the  middle  of  the  dark  period  for  about  3  hours.  Thus,  in  terms  of 
pow'er,  alteration  of  the  dark  period  is  more  efficient  than  extending  the  day 

length.  This  effect  can  be  made  even  more  efficient  bv  the  use  of  britd 
light  flashes  (4  sec  min). 

The  reduction  of  photoperiod  is  achieved  by  using  black  cloth.  Becau.se 
I|f  th<'  lo«-  intensitx-  of  light  ro(|uiro<l,  care  must  he  taken  to  comiileteK- 
■larken  the  plant.  Tl.e  common  procethne  nsetl  for  indoor  and  ontd,  ' 
culture  involves  the  use  of  a  curtain  built  on  a  track. 
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Conf lolling  the  Plant  Environment  [(lluip.  6] 


Sources 

Artificial  liglit  sources  differ  greatly  in  their  spectral  distribution  ( Idg. 
6-26).  Tungsten  lamps,  which  emit  light  by  heating  their  filament  to  ex¬ 
tremely  high  temperatures  (285()°K),  produce  a  continuous  spectrum  from 
blue  to  infrared.  The  radiation  within  the  \isible  spectrum  lies  mainly  in 
the  red  and  far  red,  although  the  greater  part  of  the  oxerall  emission  is  in 
the  invisible  infrared.  Fluorescent  lamps  emit  light  from  both  low  pres¬ 
sure  mercurv  x  apor  and  fluorescent  powder.  Their  emission  spectrum  con¬ 
tains  both  the  continuous  spectrum  from  the  fluorescent  material  and  the 
line  spectrum  of  the  mercurv  xapor.  Light  from  ordinary  fluorescent  lamps 
is  low  in  red  and  deficient  in  far  red.  This  is  why  fluorescent  bulbs  are 
cool.  It  should  be  emphasized  that  different  types  of  lamps  and  light 
sources  will  \’arv  as  to  their  spectral  distribution.  For  example,  fluorescent 
lights  are  available  that  will  produce  light  richer  in  red. 

Because  of  the  energy  lost  in  heat  (the  infrared  radiation),  tungsten 
lights  are  rather  inefficient,  since  only  about  5*?  of  the  energy  input  is  trans¬ 
formed  into  the  light  range  re({uired  by  plants  (40()0-d)00  A),  as  compared 
to  over  15%  for  fluorescent  lights.  Consefiuently,  fluorescent  lights  are  more 
efficient  in  providing  the  high  energy  re({uired  for  the  acceleration  of 
photosynthesis.  Fluorescent  lights  ha\'e  not  been  widely  used  in  green¬ 
houses,  however,  owing  to  the  high  cost  of  ballasts  and  installation. 


Fig. 


6-26.  Spectral  emission  of  tungsten  filament  lamps  and  daylight  fhioiescent 
lamps  as  compared  to  the  spectrum  of  the  sunlight  reaching  the  earth.  I  he 
weak  line  spectra  of  the  mercury  discharge  from  the  fluorescent  lamps  is  not 
.shown.  The  chart  offers  no  (pumtitative  comparison  with  respect  to  the 

energy  output  of  the  sources. 
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Tungsten  lamps  have  pro\’en  very  efficient  for  controlling  flowering  and 
for  promoting  vegetative  growth  in  many  woody  plants,  because  the  net 
red  light  so  important  in  the  photoperiodic  effect  is  lu'gh.  Fluorescent  light 
that  is  weak  in  red  is  preferable  for  supplemental  illumination  of  plants 
that  react  strongly  to  the  far  red  with  respect  to  elongation  and  become 
etiolated  and  spindly.  Tungsten  light  is  used  where  elongation  is  desirable, 
as  in  asters  or  hvacinths. 

In  order  to  achievo  satisfactory  growth  in  complete  artificial  light,  the 
best  results  are  obtained  with  a  combination  of  light  sources.  Tungsten 
and  fluorescent  lights  complement  eacli  other  to  produce  a  spectrum  closer 
to  that  of  sunlight  than  does  either  separately.  In  experimental  grow^th 
chambers,  w'here  high  intensities  are  desirable,  combinations  of  tungsten, 
Huorescent,  and  mercury  lamps  may  be  used.  Special  precautions  must  be 
taken  to  dispose  of  the  infrared  radiation  (heat). 
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Directiiiii  Plant  Growth 

o 


The  growth  of  plants  may  be  modified  to  suit  man’s  desires.  Ihese  modi¬ 
fications  may  be  achieved  by  direct  manipulation  of  the  plant  itself,  in 
contrast  to  interference  with  the  plants  environment.  The  direct  contiol 
of  growth  by  pruning  and  grafting  are  among  the  oldest  of  horticultural 
practices.  Recently,  however,  chemical  substances  { growth  regulator)  that 
affect  growth  and  development  have  been  discovered. 

The  direct  modification  of  growth  is  effectively  limited  by  our  knowledge 
of  plant  development.  The  more  complete  our  knowledge  and  the  more 
refined  our  technifiues,  the  more  sophisticated  is  our  control.  It  becomes 
possible  to  affect  not  only  the  amount  of  growth,  but  the  form  and  pattern 
of  growth,  as  well  as  differentiation  in  such  physiological  processes  as 

flowering  and  rooting. 


P  I  i  Y  S  I C  A  L  CONTROL 

Gvinvtli  mav  be  controlled  by  purely  pbysical  methods.  I’bysical  teeh- 
nicines  that  di'rect  the  shape,  size,  and  direction  ot  plant  growth  are  knmvn 
as  tm/n/ng.  Training  is  itt  eltect  the  orientation  of  the  plant  in  space.  I  Ins 
mav  involve  merelv  providing  a  support  on  which  plants  natuialK  gimv 
unci  in  addition,  mav  include  the  bending,  twisting,  or  lastenmg  ot  he 
plant  to  tbe  supporting  structure  (Fig.  7-1).  Training  oiten  ,s  assoc, ateil 
kpl,  t,,e  judicious  removal  of  plant  parts,  or  priming.  Frunnig  mav  also  be 
"rfonnei  for  other  purposes,  for  example,  to  adjust  fruit  loail,  the  siihse- 

(lueut  change  in  form  being  only  mcldeutal.  ,  .  .  ..  , 

The  objeG  of  altering  the  spatial  form  or  size  of  a  plant  is  to  impiine  ,  s 
nice  or  uselnlm.s.  Certain  woody  shrubs  can  be  trained  to  re.semble 
;;  g,;,'t  variety  of  shapes,  limited  only  by  tbe  skill  ot  the  plants,,,,,,,. 
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"I  opiary — l)t*antiful  to  soino,  iiglv  to  otlicrs — illiistiates  tlio  plasticity  of  tlic 
growing  plant  (Fig.  7-2).  "J'lic  nscfnlncss  of  a  j)articnlar  spatial  anangc- 
nu'iit  may  result  from  tlic  increased  effieiene\'  of  liglit  utilization  or  from 
the  facilitation  of  enltnral  operations,  such  as  harvesting  or  disease  control, 
hurthermore,  training  and  pruning  may  enhance  productiveness  and  fpialitv. 

Training  and  Pnniinff  as  Ilorticulturcd  Practices 

Training  and  pruning  are  w'ell-knowai,  but  by  no  means  nnix^ersal,  prac¬ 
tices.  J  lerbaceous  annuals  or  biennials  are  nsnallv  grown  without  any  at- 
tejnpt  to  alter  their  grow  th  patterns.  The  lack  of  training  is  not  so  much  a 
matter  of  satisfaction  in  their  performanee,  but  of  practicalitv.  Since  there 
are  usually  many  plants  in  relation  to  the  space  involved,  it  is  not  possible 
to  handle  each  one  individually.  Perennials,  and  especially  woody  plants, 

kijj.  7-1.  '1  raining  orientates  a  plant  in  space  and  is  an  integral  part  of  the 

cnltnie  of  nianij  plants.  A.  'tomatoes  are  twisted  around  twine  to  maximize 
space  in  greenhouse  produetion.  Tomatoes  groicm  for  earlij  market  in  the 
field  may  he  trained  to  wooden  stakes.  B.  Chapes  trained  to  the  4-cane 
Kniffen  sy.stem.  C.  Hops  are  trained  to  18-ft  trellises. 
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Dircclin^  Plant  C'.routli  [C^liap.  7] 


Fig.  7-2.  An  example  of  topiary  art  from  The  Theory  and  Practice  of  Gardening 
hy  Alexander  Le  Blond,  translated  by  Joln\  James  in  1728.  lopuny  lefeis  to 
the  art  of  training  plants  to  resemble  unnatural,  ornamental  shapes.  This  type 
of  “bu.sh  .sculpture"  was  very  popular  in  the  seventeenth  and  eighteenth 
centuries  for  ornamental  plantings,  but  is  tio  longer  in  fashion. 

[f’roni  Wright,  The  Story  of  Gardening,  Garden  City  Pnhl.  Co.,  Garden  City,  New  ork,  1938.] 


are  often  trained  to  some  degree.  Each  individual  is  relatively  valuable, 
since  there  are  few  plants  per  unit  area,  and  since  they  are  grown  for  e.x- 
tensive  periods  of  time  (the  productive  life  of  an  apple  orchard  inay  be 
forty  years).  As  plant  size  continually  increases,  the  control  of  growth 
tbrtiugh  pruning  becomes  a  necessity.  The  framework  of  a  woody  tree  in 
relation  to  pruning  is  shown  in  Fig.  7-3. 


rhijsiolofgicdl  Responses  to  Tr(iinin<^  (ind  I  tuning 

I’be  orientation  of  the  plant  in  space  has  a  marked  physiological  effect 
on  growth  and  fruiting.  Fruit  trees  planted  on  an  inclined  angle  of  about 
45  have  been  shown  to  become  dwarfed  and  to  flowei  eailier.  The  tiaining 
of  branches  in  a  horizontal  position  encourages  the  same  effect.  This  de- 
crt>ase  in  growth  rate  and  increase  of  flowering  occurs  naturally  \\hen  t  le 
weight  of  a  heavy  crop  load  bends  a  limb  down.  Thus,  fruiting  acts  as  a 
triggering  dcN'ice^  to  keep  the  plant  reproductive.  A  clear  explanation  o 
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Directin<^  Plant  Groiclh  [Chap.  7] 

tliis  phenonu'non  luis  not  l)een  made.  It  lues  l)een  suggested,  however,  that 
the  efiect  is  due  to  a  disturbance  of  the  normal  au.xin  movement,  which 
in  turn  affects  phloem  transport.  This  assumes  that  gra\'it\’  effects  the  pat¬ 
tern  of  au.xin  distribution  across  the  stem.  The  effect  of  the  disruption  of 
phloeTii  transport  on  growth  and  fruiting  is  discussed  later  in  this  cliapter. 

The  plant  response  to  pruning  is  a  result  of  the  altered  relationship  of 
the  remaining  plant  parts  and  the  disturbed  pattern  of  auxin  production. 
I  he  effect  differs  to  some  extent,  depending  on  w'hether  the  plant  is 
dormant  or  growing  when  primed. 


.\ltered  Plant  Part  Relationship 

.\n  explosion  of  vegetative  growth  normally  occurs  after  extensive  shoot 
pruning.  This  is  due  to  the  fact  that  severe  shoot  pruning  radicallv  alters 

the  balance  betw'een  root  and  shoot. 
The  flush  of  growth  following  prun¬ 
ing  is  caused  by  the  diversion  of 
w'ater,  nutrients,  and  stored  food 
from  an  undisturbed  root  svstem 
into  a  reduced  bud  area  (Fig.  7-4). 
-Although  there  is  also  some  re¬ 
duction  in  the  amount  of  stored 
food  ( along  w'ith  some  reduction 
in  photosvnthetic  area),  this  is  neg- 
liiiible  because  reser\e  food  in  the 
form  of  sugars  and  other  carbohv- 
drates  are  stored  mainly  in  the 
roots  and  older  portions  of  the 
shoot,  e.specially  during  dormancy. 

The  increased  growth  that  occurs  after  extensive  pruning  might  indicate 
that  the  techniipie  has  a  rejuvenating  effect.  But  the  additional  growth 
does  not  compensate  for  the  removed  portion  of  the  plant;  the  plant  pruned 
of  vegetati\’e  growth  never  ipiite  makes  up  the  loss.  Thus,  pruning  is  in 
reality  a  dw^arfing  process,  although  some  plant  parts  may  be  selectively 
increased. 


Before 

pruning 


After  severe 
slioot  pruning 


Fig.  7-4.  Shoot  pruning  alters  the  bal¬ 
ance  of  root  and  shoot  and  results  in 
increased  growth  of  the  remaining  parts. 


Priming  anil  Flowering 

In  general,  severelv  shoot-pruned  plants,  especially  if  they  aie  \oung, 
tend  to  remain  v('getati\e.  Clonversely,  root  pruning  encourages  flowering. 
This  cau  be  explained  in  a  number  of  ways.  It  has  been  interpreted  by  an 
extension  of  the  carbohydrate: nitrogen-balance  “theory”  of  flowering  (see 
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Clluipter  5).  This  assumes  that  the  se\'eiely  shoot  pruned  plant  draws  on 
its  earhohydrate  reser\e  in  the  promotion  of  growtli.  The  resulting  low 
earhohvdrate: nitrogen  halanee  encourages  vegetativ'e  growth.  Root-pruned 
plants  reduce  nitrogen  accumulation  hut,  by  slowing  down  vegetative 
growth,  conser\e  carbohvdrates.  The  carbohydrate  surplus  supposedly  pro¬ 
motes  flowering.  Another  ecpialK'  valid  explanation  may  be  that  actively 
grow  ing  lea\es  produce  substances  which  inhibit  flowering.  Thus,  a  rapid 
inerease  of  \  egetatiN  e  growth  would  b('  antagonistic  to  flowering.  The  en¬ 
couragement  of  flowering  b\'  root  pruning  is  a  direct  result  of  slowing 
down  N’egetative  growth.  The  precise  relationship,  howex’er,  is  unclear;  tlie 
explanation  awaits  a  more  precise  elucidation  of  the  flowering  process. 

Auxin  Unbalance 

APICAL  DOMIN’ AXCE.  The  lole  of  the  apical  meristem  in  inhibiting  the 
growth  of  dormant  buds  (bud  break)  behind  it  is  known  as  ojyical  doini- 
nancc.  This  dominance  of  the  apical  meristem  differs  with  the  species  in 
({uestion.  Thus,  the  actively  growing  bamboo  is  basicallv’  an  unbranched 
stem,  whereas  the  shrub  Pfitzer  juniper  grow’s  as  a  manv-branching  struc¬ 
ture.  Both  the  degree  of  branching  and  the  subordination  of  lateral  growth 


Fig.  7-5.  Apical  dominance  refers  to  the  effect  of  the  apical  bud  in  inhibiting  bud 
break  below.  Removal  of  the  afyical  bud  encourages  lateral  breaks.  The 
growth  of  lateral  buds  can  be  iidiibited  bij  auxin  application  to  the  cut  por¬ 
tion  of  the  stem. 

tAclaptcd  from  Bonner  and  Galston,  Principh's  of  Plant  Phi/siolo^u,  Freeman,  San  Francisco 
1952.]  ’ 


Lateral  bude 
inhibited  by 
apical  bud 


bud 


Decapitate 


Latcr-al  bude 
which  have 
^rown  Out 
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to  tlu'  main  growing  sttMn,  tlie  central  leader,  appear  to  l)e  functions  of 
apical  (loniinancc. 

Tlie  brandling  of  slioots  (anil  roots)  lias  liecn  shown  to  lie  influenced 

by  auxin,  which  is  produced  in 
greatest  abundance  in  a  \’igorouslv 
growing  apex.  A  high  concentra¬ 
tion  of  auxin  ino\ing  down  from 
the  stem  tip  has  been  shown  to 
inhibit  lateral  bud  break.  RapidK’ 
growing,  unbranched  shoots  called 
watersprouts  ha\’e  very  high  auxin 
lexels  and  represent  an  extreme 
example  of  apical  dominance.  Re- 
mox'al  of  the  stem  tip  results  in  an 
increased  amount  of  lateral  liud 
break  and  of  subsequent  branching, 
usuallv  directly  below'  the  cut 
( Fig.  7-5).  This  is  explained  Iw’  the 
destruction  of  the  auxin-producing 
meristem,  although  it  must  be  ad¬ 
mitted  that  the  precise  relationship 
is  not  establislied.  Thus,  pruning 
that  merely  remov'es  the  tip  of  the 
stem  (headino  back)  can  create 
ne\y  form  changes  by  the  destruc- 
tion  of  apical  dominance  (  Fig.  7-6 ). 
Similarly,  pruning  that  merely  re- 
moyes  laterals  but  lea\es  the  stem 
tip  undisturbed  (tidnning  ant)  not  only  eliminates  liranching  but  by  increas¬ 
ing  the  vigor  of  stem  tip,  and  presumably  its  auxin  content,  limits  future 
lateral  bud  break. 

BRANCH  ANGLE.  There  is  also  evidence  that  the  angle  of  branching  is  con¬ 
trolled  by  auxin,  lhanches  proiluced  below  an  actively  growing,  auxin-pro¬ 
ducing  apex  form  a  wider  angle  with  the  main  stem  than  do  branches 
formed  where  the  growing  point  has  been  removed.  A  heavily  pruned, 
young  fruit  tree  tends  to  produce  narrow-angled  branches.  In  peach  prun¬ 
ing,  wide-angled  scaffold  branches  are  encouraged  by  permitting  growth 
of  a  bud  from  the  stub  (Fig.  7-7). 


Fig.  7-6.  These  colens  plants  are  of  the 
same  i/gc,  and  were  firown  under  the 
same  conditions  with  the  exception  of 
pruni)i^.  Removal  of  the  a})ical  mcristciti 
of  the  plant  on  the  ri^ht  has  stimulated 
the  growth  of  lateral  shoots. 

[CXjiirtfsy  E.  H.  Honeywell.] 
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Fig.  7-7.  Widc-anglecI  scaffold  branches  are  encouraged  hi/  proper  pruning  in 
the  peach.  Left.  The  central  leader  teas  sunoner  pruned  (pinched)  above  a 
bud  during  the  first  groicing  season  to  channel  growth  into  selected  scaffold 
branches  and  to  encourage  tcide-angled  attachment.  Right.  During  teinter 
pruning,  the  central  leader  was  cut  to  a  stub.  The  stub  will  be  removed  in  a 
few  years. 

[Courtesy  of  F.  H.  Emerson.] 


Fruninff  Techniques 


Heading  Back  and  Thinning  Out 

The  two  basic  pruning  cuts,  Iieading  back  and  tliinning  out,  are  illustrated 
in  hig.  7-S.  Iieading  back  consists  in  cutting  back  the  terminal  portion  of 
a  braneh  to  a  bud,  whereas  thin¬ 
ning  out  is  the  complete  remoxal 
of  a  branch  to  a  lateral  or  main 
trunk.  The  heading  baek  of  a  stem 
destroys  apieal  dominance  and  is 
usually  followed  by  the  stimulation 
of  sexeral  lateral  bud  breaks,  de¬ 
pending  on  the  species  and  the 
distanee  from  the  tip  that  the  cut 
is  made.  To  eneourage  .spreading 
growth,  the  braneh  is  usuallv  eut 
back  to  an  outside*  bud.  Ili*ading 
tends  to  produce  a  bushv,  compact 


Heud  I  nc) 


Th  inti  I  no 


Fig.  7-S.  Heading  encourages  lateral 
gioufh.  I  binning  resulti  in  a  mori'  ojieu 
structure. 
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plant,  llie  sliearing  of  a  hedge  is  an  e.xtrenie  example  of  this  type  of  prim¬ 
ing.  Heading  haek  aetively  growing  plants  is  referred  to  as  /i/nch/ng. 

Thinning,  in  contrast  to  heading,  encourages  longer  growth  of  the  re¬ 
maining  terminals.  The  net  result  of  thinning  is  a  reduction  of  laterals. 
Thinning  of  weak  growth  tends  to  “open  np”  the  tree.  It  nsiiallv  results  in 
producing  a  larger  rather  than  a  bushier  plant.  The  rejuvenation  of  older 
trees  by  reducing,  and  thereby  stimulating,  the  remaining  growing  points 
is  accomplished  by  thinning.  The  thinning  out  of  growing  wood  is  referred 
to  as  deshootino 

o 


Timing  of  Priming 

“Prime  when  the  knife  is  sharp.” 

OLD  SAYING 

The  time  to  prime  is  influenced  by  a  number  of  factors,  including  con- 
x’enience,  the  species  iiixobed,  and  the  effect  desired.  Although  it  is  best 
to  keep  some  plants  more  or  less  continually  pruned,  this  is  seldom  practi¬ 
cal.  Fruit  trees  are  usually  dormant  pruned.  Not  only  is  this  conv'enient  in 
the  cycle  of  orcharding,  but  the  framework  of  the  plant  can  be  more  easil\' 
seen  with  the  foliage  off.  Where  winter  temperatures  are  low,  the  priming 
operation  is  usually  delayed  until  the  severest  weather  is  past  in  order  to 
reduce  winter  injury  in  fresh  cuts.  The  priming  operation  is  best  not  carried 
on  into  the  growing  season  because  of  the  additional  loss  of  translocated 
foods.  Summer  pruning  of  new  growth  makes  it  possible  to  aNoicl  structural 
faults  before  too  much  growth  is  wasted.  This  is  especially  important  wflien 
the  tree  is  young.  By  proper  heailing  little  photosynthetic  area  need  be  lost. 
However,  extensive  dormant  pruning  has  been  shown  to  be  less  de\italiz- 
ing  than  summer  pruning.  In  addition,  pruning  wounds  made  in  the  early 
spring  heal  better  than  those  made  at  other  times  of  the  year.  Extensive 
pruning  should  be  avoided  in  the  late  summer  since  this  may  initiate 
abundant,  succulent  vegetative  growth,  which  may  render  the  plant  sub¬ 
ject  to  winter  injur\'.  However,  diseased  growth  or  dead  wood  is  best 
pruned  away  at  once  regardless  of  the  season.  This  wood,  besides  being 
unattracti\e  or  dangerous,  may  become  a  harboring  place  for  disease- 
producing  pests. 

It  is  only  sensible  to  synchronize  the  time  of  pruning  such  that  it  does 
not  inti'i  fere  w  ith  the  principal  hmctions  of  the  plant.  I  hus,  ornamental 
floweriug  shrubs  that  bloom  from  buds  laid  down  the  previous  year  should 
be  primed  after  bloom.  Similarly,  it  would  be  absurd  to  make  large  cuts  on 
limbs  of  fruit  trees  supporting  a  maturing  crop. 


PJii/sical  ConiroJ 
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I’riining  to  C.'ontrol  Size 

I^rohably  the  most  obvious  effect  tliat  pruning  lias  on  perennial  plants  is 
in  the  control  of  plant  size.  Since  perennials  grow  continually,  an  optimum 
size  can  b('  maintained  only  by  the  selective  remo\al  of  plant  parts.  1  hus, 
the  lawn  is  cut,  the  hc'dge  is  clippetl,  and  shrubs  and  fruit  trees  are  pruned 
in  an  effort  to  keep  the  plant  within  bounds  (Fig.  7-9). 

The  size  may  be  controlled  for  esthetic  or  utilitarian  reasons.  In  fruit 
production,  where  crops  are  hand  picked,  large  tree  size  makes  harvesting, 
as  well  as  spraving,  extremely  difficult.  Certain  pruning  technifjucs  can  be 
used  to  effectixely  lower  large  trees  oxer  a  period  of  years  without  ex- 
cessixe  injuiw. 

The  compensating  effect  of  pruning  on  growth  max'  increase  the  size  of 
particular  plant  parts.  This  diversion  of  groxx  th  may  be  utilized  to  achieve 
an  actual  increase  in  height  or  spread,  even  though  total  groxxth  is  re¬ 
duced.  The  selective  remoxal  of  buds,  floxvers,  or  fruits  to  increase  the  size 
of  the  remaining  parts  must  be  considered  a  specialized  part  of  pruning. 
This  is  discussed  further  in  Chapter  8.  The  pruning  of  floxvers  or  fruits 
to  increase  fruit  size  is  knoxxn  as  thinning  (not  to  be  confused  xvith  the 
pruning  term  thinning  out).  The  remox'al  of  buds  to  increase  floxxer  size  is 
knoxvn  as  dishuddinn. 

Pruning  to  Control  Form 

The  art  of  training  and  pruning  to  control  plant  form  has  receixed  much 
attention  in  horticultural  xvritings.  In  this  context,  form  refers  not  onlv  to 


Fig.  /-9.  7  he  fdincdij  is  kept  in  hounds  hi/  constdnt  nwi^'ing. 

[Courtesy  International  Harvester  Co.] 
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tlu'  gross  shape  of  tlie  plant  Init  to  its  structural  makeup,  which  involves 
the  umuher,  orientation,  relati\e  size,  and  angle  of  hranches.  The  natural 
torin  characteristic  of  dillerent  species  may  he  greatly  modified  with  prun¬ 
ing.  Plants  may  he  trained  to  grow  upright  or  to  spread,  and  hranching 
mav  either  he  increased  or  decreased. 


\\  oody  plants,  especially  those  hearing  heavv  loads  of  fruit,  must  he 
considered  as  structural  units  hecause  they  may  he  torn  apart  in  a  high 
wind.  Structural  strength  in  fruit  trees  is  obtained  hv  pruning  to  eliminate 
narrow-angled  hranches  and  to  achieve  a  well-spaced  arrangement  of  wide¬ 
angled  scaffold  hranches.  Narrow-angled  hranches  are  weak  and  tend  to 
break  under  pressure  hecause  of  the  lack  of  continuous  cambium  and  the 
inclusion  of  sfjueezed-off  hark  in  the  crotch  (Fig.  7-10).  For  maximum 
strength,  only  one  branch  should  develop  at  any  point  on  the  main  stem, 
and  the  hranches  should  he  well  distributed  around  the  tree  (Fig.  7-11). 
Owing  to  the  increase  in  diameter  of  hranches,  it  is  necessar)'  to  select 
hranches  carefully  wiien  young. 

The  control  of  plant  form  may  be  utilized  to  achieve  increased  qualitv 
through  better  light  distribution.  The  center  of  an  unpruned  apple  tree 
is  almost  impervious  to  light  and  as  a  result  produces  few  fruit,  those  that 
are  produced  being  poor  in  color  and  (jualitv.  Opening  up  the  tree  is  also 


Fig.  7-10,  Narrow  branch  angles  are  weak  hecause  of  the  en¬ 
closure  of  hark  and  the  formation  of  wood  parenclu/nui  in  the 
crotch. 

[Adapted  from  Eames  and  MacDaniels,  An  Introduction  to  Plant  Anatomy, 
McGraw-Hill,  New  York,  1947.] 


Wide  auolc  bmnehinq 


Narrow  anisic  briiuehint^ 
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Fij;.  7-11.  For  maximum  strength  scaffold  branches  of  ai)})le  should  he  well 
spaced  and  evenly  oriented  aroioid  the  tree.  Left.  In  the  unpruned  tree  the 
branches  to  be  removed  have  been  marked  with  paint.  Ri^ht.  The  .same  tree 
after  f)runing. 

[Coiirtfsx  Purdue  Univ.] 


inipoitant  for  disease  control  in  tliat  it  permits  good  spray  distribution  and 
facilitates  rapid  diving. 

Mechanical  harvesting  of  fruit  crops  reijuires  specialized  training  and 
pruning  to  adapt  the  plant  to  the  machine.  For  plants  har\’ested  bv  shak¬ 
ing,  this  in\olves  the  development  of  high  trunks  (to  allow  for  a  single 
grab  In'  the  machine  when  the  tree  is  young )  and  onlv  two  or  three  main 
scaffolds  foi  use  when  the  tree  is  older.  Mechanical  harvesting  of  grapes 
by  the  use  of  a  cutterbar  reipiires  special  trellising  and  training  of  the  vines. 

Primin"  for  Plant  Perforniance 


hs  I  ABLisiiMEX  i  OF  TRANSPLANTS.  The  transplanting  of  large  plants 
from  natural  growing  sites  is  usually  very  difficult.  Root  pruning  or  repeated 
transplanting  when  the  plant  is  young  encourages  a  fibrous  root  system  and 
cdlows  the  plant  to  be  moved  safelv  when  large. 

Proper  root  and  shoot  iiruning  greatly  aids  in  reducing  transplanting 
shock  and  promotes  successful  plant  establishment.  This  is  especially  true 
m  bare-ro()ted  transplants.  Light  root  pruning  stimvdates  root  initiation; 

shoot  pruning  conseiAcs  moisture  by  reducing  the  transpiration  surface  \u 
relation  to  the  root  area. 


PHonucnvrrv  and  guALrrv.  ITuning  is  often  a  necessarv  step  in  the 
conl,„l  „t  pnKinctivity.  WIktc.  vig,m)us  lind  w<.„d  is  .losiivd,  as  i„  sci„n 
"nl.ards,  l.eavv  pn.ning  sthnulates  xogHativc-  gnnvtl,.  ()„  tl.c  „Hkt  lia.ul 
llosver  or  truit  production  is  tl,e  desired  aini,  selectise  pruning  that' 
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eliminates  weak,  nonproducti\’e  wood  will  aid  in  channeling  the  plants 
energy  into  flowering  and  fruiting.  In  addition,  fruit  and  flower  (pialitv  is 
greatly  effected  hy  the  xigor  of  the  wood  it  is  borne  on  as  well  as  its  loca¬ 
tion  in  the  tree.  Shoot  growth  (suckers)  on  the  understock  of  grafted  plants 
must  he  continually  removed  to  eliminate  nonproductive  growth.  Similarly, 
forest  trees  may  be  pruned  to  produce  knot-free  lumber. 


Training  Sijsfettis 

Training  systems  are  carried  on  to  control  form  throughout  the  life  of  the 
plant.  Conse(|uently,  special  attention  must  be  given  in  the  formati\’e  years. 
The  objective  is  to  obtain  some  predetermined  shape  in  an  attempt  to 
achieve  greater  productivity,  (juality,  ease  of  culture,  or  beauty. 


Leader  Training 

The  main  considerations  that  determine  form  inyolye  the  point  on  the 
main  stem  from  which  branches  form  and  the  subsecpient  orientation  of 
branches  (Fig.  7-12).  In  the  central-leader  system  of  training,  the  trunk  is 
encouraged  to  form  a  central  a.xis  with  branches  distributed  laterally  up 
and  down  and  around  the  stem.  The  central  axis,  or  leader,  is  the  dominant 
feature  of  the  tree’s  framework,  and  the  main  direction  of  growth  is  upw  ard. 
In  the  open-center,  or  vase,  system  of  training,  the  main  stem  is  terminated, 
and  growth  is  forced  through  a  number  of  branches  originating  rather  close 
to  the  upper  end  of  the  trunk.  Special  pruning  is  recpiired  to  preyent  a  lat¬ 
eral  from  becoming  dominant;  that  is,  from  forming  a  new'  central  leader. 
.\lthough  the  open-center  tree  is  a  low'er  tree  than  the  central  leader  tree,  it 
has  inherent  mechanical  weaknesses,  due  to  its  narrow  crotches  and  close 
branching.  The  modified  leader  system  is  somew'hat  intermediate  between 
these  two  types. 

An  esj)alier  is  a  railing  or  trellis  along  which  plants  (usually  fiuit  tiees 
or  \  ines )  are  trained  to  grow'  Hat.  Plants  trained  in  this  manner  are  also 
referred  to  as  espaliers.  An  espalier  restricted  to  one  shoot,  or  two  shoots 
growing  in  opposite  or  parallel  directions,  is  called  a  coidon.  Because  of 
extensixe  pruning  labor  re([uired,  tree  fruits  are  not  commercially  giown 
as  espaliers  in  tbe  United  States.  Grapes,  howexer,  are  commonly  groxvn  as 
espaliers,  as  in  the  widely  used  Kniffin  system  of  training.  Properly  executed 
espaliers  are  extremely  attractive  as  ornamentals.  H'hey  are  created  with  a 
combination  of  pruning  and  actual  bending  of  shoots  when  succulent  (Fig. 
7-13).  Such  shoots  xvill  retain  the  imposed  shape  xvhen  lignification  sets  in. 


Physical  Co)itrol 


213 


Hciidin^  hcigHr 


Low 


\.cadcr  rrjimnii 
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AAodif^icd 


Open  center 


Fig.  7-12.  Training  and  tree  jorin. 


W’ell-plannecl  espaliers  can  be  strong  enougli  to  be  self-supporting,  altbongb 
frames  are  retjuired  in  the  early  years. 

The  particular  system  by  which  a  plant  is  trained  depends  to  a  large  extent 
on  the  species.  Peaches  and  apricots  can  be  pruned  to  an  open  center  because 
of  the  broad  angle  of  attachment  of  the  branches,  which  produce  strong 
crotches.  In  addition,  the  central  leader  in  peach  trees  is  subject  to  winter 
injury,  dhe  reason  for  this  is  not  clear,  but  it  appears  to  be  related  to  tbe 


failure  of  the  central  leader  to  harden  off  (Fig.  7-14).  The  narrow-angled 
branching  of  apples  and  pears  makes  the  open  center  tree  unfeasible,  thus 
they  are  usually  trained  to  either  a  central  or  modified  leader  (Fig.  7-15). 
Cherries  and  plums  are  trained  to  either  the  open-center  or  modified-leader 
.system.  C.itrus  and  other  evergreen  Iruits  may  be  pruned  ligbtlv  to  establish 
a  stronger  framework,  but  usually  little  subsecpient  pruning  is  performed 
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5t.^rt  with  Cut  to 
youn^  height  of 
trCC5  first  cordon 


ft  - 


Wait  for 
new  shoots 


Train  best  shoots  Allow  one  center  shoot 
on  bottom  cordon,  to  continue,  but  pinch 
prune  surplus  off  shoots  on 

horiiontal  branches 


Start  second  cordon  from 
shoots  of  center  stalk 


Pel gi uni  fence 


Other  forms 

Fig.  7-13.  The  creation  of  an  espalier. 

[Adapted  from  Hudson,  Sunset  Pniniufi  Handbook,  Lane  Book  Co.,  Menlo  Park,  Calif.,  1952.] 


e.xcept  to  eliminate  dead  wood  after  a  freeze.  Mechanical  hedger.s  are  being 
tried  on  an  e.xperimental  basis. 


Hencwal  Pruning 

To  aebieve  superior  performance  in  perennial  plants  grown  tor  flowering 
or  fruiting,  pruning  must  stimulate  the  most  reproductive  growth.  This  in- 
\’olves  the  continuous  renew'al  of  growth  that  has  reached  its  optimum  re¬ 
productive  age.  Depending  upon  the  species,  this  may  be  current,  one-year- 
old,  two-year-old,  or  older,  wood. 

4'he  faetors  to  b('  considered  are  (1)  the  tiim*  at  which  the  buds  an*  dif¬ 
ferentiated  in  relation  to  blooming  and  (2)  the  age  of  the  wood  that  jn-o- 


Fig.  7-14.  The  peach  is  coniniouhj  pruned  to  an  open  rente 
and  is  nsnalhi  composed  of  two  or  three  widely  spaced,  mail 
scaffold  limbs.  A.  A  well-formed,  three-scaffold  crotch  on  ( 
three-year-old  tree.  B.  A  six-year-old  tree  on  ichich  .six  .scaffolc 
branches.  C.  A  “two-storif  tree  .showing  .severe  winter  injury  a 
have  been  eliminated  at  the  start  of  the  .second  years  Growth 
\ote  the  weakne.s.s  that  has  developed  between  the  Scaffold 
branches.  C.  A  'iwo-.stonf  tree  .shoivino  severt  winter  injury  a^ 
a  result  of  delayed  maturity.  The  center  leader  should  have  beer 
removed  at  the  .start  of  the  .second  .sea.son's  f^rowth.  D.  This  tree 
ivas  frrowiw^  next  to  the  one  illustrated  in  C.  The  two-branched 
u  ide-anoled  crotch  shows  no  evidence  of  winter  injury. 

ic:„.nt,.sy  I>„r,l.u-  Vniv..  fnmi  EM.nsi.m  Circular  426,  1956.] 
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Plii/sical  Control 

duces  the  most  al)imdant  and  liigliest  (luality  buds.  Flower  buds  may  be 
initiated  in  the  year  of  flowering,  as  in  summer-  or  fall-blooming  plants  (for 
example,  the  rose  and  ehrysanthemum ),  or  on  the  previous  years  growth,  as 
in  spring-flowering  plants  (for  example,  apple,  lilac,  peach,  brambles). 
Those  buds  that  differentiate  the  year  previous  to  flowering  may  be  pro¬ 
duced  on  that  vear’s  new'  grow'th  or  on  older  wood.  Many  species  form  buds 
from  spurs  on  older  wood.  Spurs  may  bear  more  or  less  irregularly  for  as 
long  as  tw’entv  vears.  In  apple,  however,  their  most  productive  life  is  two 
to  fi\'e  years. 

Plants  that  flower  on  current  growth,  as  does  the  rose,  are  often  severely 
dormant-pruned  to  encourage  vigorous  reproductive  grow'th.  If  impruned, 
the  abundance  of  buds  produces  inferior  individual  blooms.  The  degree  of 
pruning  is  related  to  the  x  igor  of  the  plant;  the  more  vigorous  the  plant  the 
greater  the  number  of  buds  that  are  retained.  During  the  grow  ing  season, 
overxigorous  canes  that  tend  to  remain  xegetative  are  headed  l)ack.  Roses 
grown  for  mass  effect,  such  as  climbers,  are  less  sexerely  pruned,  although 
thinning  of  older  growth  is  recjuired  to  stimulate  xigorous  new'  canes. 

The  cutting  of  blooms  in  the  summer  serx’es  to  invigorate  the  remainder 
of  the  plant.  Senescing  flowers  should  be  removed  to  prex  ent  fruit  dex  elop- 
ment,  since  they  drain  nutrients  from  the  plant. 

Brambles  (blackberry,  raspberry)  produce  fruit  on  year-old  canes.  Al¬ 
though  the  roots  are  perennial,  the  canes  are  biennial,  and  either  xveaken 
severely  or  die  out  right  after  fruiting.  Thus,  pruning  has  a  number  of  func¬ 
tions.  Immediately  after  bearing,  the  fruiting  canes  are  remox'ed  to  encour¬ 
age  new  shoot  growth.  In  red  raspberry  {Rtibus  klacus)  nexv  canes  arise  as 
root  suckers,  hence  the  old  canes  may  be  completelv  remoxed.  Black  rasp- 
ben  ies  ( B.  occidcnfaUs)  do  not  produce  suckers,  thus  fruiting  canes  are 
remoxed  above  the  croxvn.  The  dormant  year-old  canes  are  thinned  if  neces- 
saix  and  headed  back  to  remoxe  the  xx  eaker  buds  and  to  encourage  branch¬ 
ing.  Black  and  purple  raspberries  are  further  pinched  xxhen  summer  groxx  th 
is  txx'o  or  three  feet  tall  to  increase  lateral  branchincr. 


Fij;.  i-1.).  An  ii^ht-ijcar-old  apple  tree  trained  to  a  modified  leader.  A.  Before 
corrective  pruning.  B.  After  corrective  pruning.  The  removal  of  the  main 
portion  of  the  central  leader  has  opened  up  the  center  of  the  tree.  Many  of 
the  pruning  cut.s  were  made  to  correct  structural  weakne.ss.  C.  Xarrow-atoded 
forked  branches  should  he  eliminated.  D.  Closely  spaced  branches  espeeiaUu 
those  growing  toward  the  center  of  the  tree,  .should  be  removed.  E.  Inter¬ 
twining  branches  .should  be  corrected.  \ote  that  limb-rub  injury  has  <’irdh  d 
the  branch.  F.  Waler.sproufs  .should  be  removed.  This  water.sprout  mowin<r 
ivilhin  a  crotch  would,  if  neglected,  re.sult  in  e.xtm.sive  injury. 

[C^oiirtcsy  Purdue  Univ.] 
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Direct iii^  Vhinl  Crowtli  [Cliap.  7] 


lU'newal  pruning  is  an  important  practice  in  controlling  yield,  size,  and 
((uality  in  grapes.  Grapes  bear  huit  on  the  current  growth  from  buds  laid 
down  the  pre\ious  season.  The  greatest  production  is  achieved  from  the 
fourth  to  eighth  bud,  and  the  ([uantity  and  (piality  of  production  is  based 
on  the  vigor  of  the  plant  in  relation  to  the  number  of  remaining  buds.  If 
too  many  buds  are  left  in  relation  to  vigor,  the  crop  will  be  small  in  size 
and  poor  in  (juality.  If  too  few  buds  are  left,  vield  will  be  reduced.  prun¬ 
ing  formula  has  been  devised  for  the  Concord  grape  on  the  basis  of  plant 
\  igor  as  determined  by  the  weight  of  the  primings.  Thirtv  buds  are  left  for 
the  first  pound  and  ten  buds  for  each  additional  pound  of  wood  removed. 
This  formula  of  “30  +  10”  results  in  a  “moderately”  pruned  vine,  which  gives 
optimum  production  in  Ohio.  In  addition  to  fruiting  canes,  stubs  of  one  or 
two  buds,  called  renewal  canes,  are  retained.  These  provide  growth  from 
which  fruiting  canes  may  be  selected  the  following  year.  Thus,  from  a  single 
trunk,  growth  is  renewed  each  \'ear  (Fig.  7-16).  Other  training  methods 
differ  merely  as  to  the  form  of  the  plant;  the  renew’al  principle  is  essentially 
the  same. 

The  pruning  of  fruit  trees  is  divided  into  stages.  When  the  tree  is  young, 
pruning  is  principallv  a  training  operation  to  control  form  in  order  to  pro¬ 
duce  a  structurallv  sound  framework.  Because  of  the  adverse  effects  on  earlv 
bearing,  pruning  must  be  limited  at  this  stage.  After  four  to  six  years,  when 
the  major  scaffold  limbs  are  established,  renewal  pruning  insures  a  con¬ 
tinuing  bearing  surface  of  two-  to  four-year-old  wood,  from  which  the  bulk 


of  the  crop  develops. 

The  pillar  system  of  training  the  apple — a  system  developed  in  England 
— is  a  good  illustration  of  renewal  pruning  (Fig.  7-17).  Under  this  tech- 
ni((ue,  the  tree  structure  consists  of  a  single  leader  10-12  feet  high.  The 
number  of  bearing  units  maintained  depends  upon  the  \'igor  of  the  tree. 
Each  unit  consists  of  a  two-vear  fruiting  limb,  a  one-year-old  shoot,  and  the 
current  growth.  Dormant  pruning  consists  of  (  1  )  removing  the  spent  fruit¬ 
ing  limb  (now  three  vears  old),  (2)  heading  back  the  two-year  teiminals 
of  the  limb,  but  leaving  the  fruit  buds  intact  in  anticipation  of  fruiting,  and 
(3)  thinning  out  all  but  a  single  year-old  shoot.  This  pruning  pattern  is 
repeated  each  vear;  thus  the  producti\e  two-year-old  fruiting  wood  is  con- 
tinuall)’  renewed.  High  (juality  and  annual  production  are  achie\ed  by  con¬ 
trolling  the  bearing  area.  Close  spacing  of  the  trees  (6  X  12  feet  or  605  trees 
per  acre)  results  in  high  production  per  acre.  By  controlling  size,  mechanical 
production  practices  may  lie  facilitated,  and  luirNesting  greatly  simplifii>d. 
The  pruning  operation,  although  extensive,  is  routine;  no  decisions  need  to 
be  made.  Whether  the  pillar  .system  will  prove  to  be  practical  in  the  United 
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tij?.  Concord  orapcs  are  comnionhj  pruned  in  a  rencxeal  sx/stcm.  The  scver- 

itxj  of  prunino  is  related  to  the  previon.s  xjears  <^roieth.  A  mature  dormant  vine 

{A)  before  pruning,  and  (B)  after  pruning  according  to  the  four-caixe  Kxxiffin 
system. 

[P'roni  Farmers’  Bull.  1870,  I'SD.A.] 


States  remains  tn  lie  seen.  The  .ss  stems  presentl\-  used  in  tile  United  States 
Inr  pruning  apples  are  renewal  ss  stems,  lint  differ  frnin  the  pillar  system  in 
regard  to  the  age  of  wood  reniovetl  and  the  pattern  of  frame«  ork  dex  eloped 


Directing  Plant  Crowtii  [Chap.  7] 


]  Wood  retained 


Whip  of  End  of  first  End  of  second  ; 


End  of  fhird 
SCO  son 


End  of  fourth 
SCO  son 


1.  Thrcc-ycor  lotcrols  cut  to  short  stubs 
(vvhctlicr  they  hove  fruited  or  not  ) 

2.  Tcrwinol  shoots  cut  off  of  two-yenr 
loterols,  Icoving  fruit  buds  mtoct 

3.  Onc-yeor  luterc^ls  ore  thinned  (opprox. 
20-25  lotcrols  ore  left  per  tree) 


Beorlng  unit  on  n^oturc  tree 

Fig.  7-17.  Pruning  pillar  apple  trees. 

[Ail.ipt.d  from  \V\-iss  ami  Fislur,  Canadian  IM’».  i>f  Aericnltnre.  19fi().] 
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H  I  ()  L  ()  c;  I  C  A  L  C  O  N  T  R  ()  L 

('.raft  Coinbinaiion 

Grafting  is  practiced  to  modify  grow  tli  as  well  as  for  the  propagation  of 
plants.  The  interaction  of  two  or  more  plants  in  a  graft  combination  ma\' 
affect  growth  and  productivity.  Moreover,  disease  resistance  and  hardiness 
ma\'  he  achieved  by  the  creation  of  a  plant  composed  of  more  than  one  ge¬ 
netic  component. 

The  practice  of  grafting  as  a  means  of  grow  th  control  is  used  most  exten- 
si\ely  w  ith  fruit  trees.  Graft  combinations  of  herbaceous  plant  material  hav'e 
not  been  fully  explored,  for  unless  tlie  plant  itself  is  relatively  valual^le, 
grafting  is  not  an  economical  horticultural  practice.  In  Japan,  however, 
watermelon  is  grafted  onto  the  gourd  Logonaria  to  control  \Trticillium  wilt, 
and  eggplant  is  grafted  onto  Sohinuni  integrefolium  to  increase  producti\  ity. 

Fruit  trees  are  normally  composed  of  a  “scion”  variety  grafted  onto  a  root- 
stock,  although  more  complex  combinations  are  possible  (Fig.  7-18).  The 
rootstock  may  either  be  grown  from  seed  as  a  uniejue  plant  (seedling  root- 
stock)  01  may  be  asexually  propagated  (clonal  rootstock).  Some  rootstocks. 

Fig.  7-18.  Fruit  trees  are  normally  eomposeci  of  two  distinct  parts,  the  rootstock 
and  the  scion  variety.  More  complex  trees  may  he  made  up  of  three  or  four 
components. 

1952^^"*  Bonner  and  Galston,  Principles  of  Plant  Physiology,  Freeman,  San  Francisco, 


---  Dircctiiif^  Plant  Croictli  [(^liap.  7] 

even  tliougli  seed  produced,  are  in  effect  clonal  because  of  apoinixis,  as  in 
citrus.  Seedling  rootstocks  are  often  derived  from  a  particular  clonal  varietv. 
Thus,  the  “western”  pear  seedlings  are  usually  derived  exclusivelv  from  the 
Bartlett  varietx’. 


Restriction  of  Growtli 

The  use  of  specific  rootstocks  to  restrict  the  growth  of  the  scion  variety 
is  an  ancient  practice.  The  degree  of  “dwarfing”  achieved  varies  with  the 
rootstock  and  with  the  species  iiiNohed  (Table  7-1).  The  physiological  ex¬ 
planation  of  the  dwarfing  effect  has  not  been  fully  established.  Evidence 
exists  that  it  may  lie  related  to  a  number  of  causes,  among  which  are  the 
restriction  of  upward  translocation  of  inorganic  nutrients  through  the  root- 
stock,  the  restriction  of  downward  phloem  transport,  or  some  physiological 
disturbance  caused  by  graft  incompatibility. 


Table  7-1.  Some  (hvarfiii^  rootstocks. 

[.\dapted  from  Erase  and  Way,  Bull.  783,  New  York  Agricultural  Experiment  Station,  1959.] 


KUl'IT  Clt<)l> 

n  ( )  < )  r  s  '1'  ( )  ( •  K 

EFFECT 

Apple 

Malu.s  clones 

East  Malliiiti  series 

Mailing  Merton  .series 

('omi)lete  range  of  dwarfing 

Mains  sikkiinciisis  “.seedlings”* 

Slight  dwarfing 

Pear 

“Angers”  tinince  clones 

'rrne  dwarf 

Sweet  Cherry 

“Stockton”  Morello  (’heny 

fleighl  reduced  to  hall  as  com- 
jiared  to  Mazzard  stocks 

Peach 

J 'ran IIS  (linncstlra  chines 

Slight  dwarfing 

Prnnns  last  it  ia  clones 

Slight  dwarfing 

IMuiii 

Prnnns  licsscifi  clones 

Slight  dwarfing 

( traiifie 

I’alestinian  sweet  lime  .sce<lling* 

Slight  dwarfing 

Sour  orange  seedling* 

Slight  ilwarfing 

*  Apoinictif 

There  are  abundant  sources  of  dwarfing  rootstocks  for  the  apple  (  Mg. 
7-19).  These  rootstocks  are  all  species  of  apple,  many  of  which  derive  from 
old  European  clones  grown  under  the  names  Erench  Paradi.se  and  Douem. 
These  older  clones  wne  collected  at  the  East  Mailing  Station,  England,  and 
standardized  bv  Homan  numeral  (EM  1,  EM  11,  or  EM  XI).  Cro.s.ses 
involving  E.M  IX  and  others  with  Northern  Spy  have  produced  a  number 
of  rootstocks  of  varying  degrees  of  dwarfing,  which  nncic  resistant  to  woolly 
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Fig.  7-19.  Comparative  sizes  of  17-i/ear-ohl  McIntosh  on  EM  IX,  VII,  II,  and 
standard  seedling  rootstocks. 

[Adapted  from  Circular  334,  Ontario  Dept,  of  Agriculture,  ly.'Sy.] 


aphi.s.  I'liese  are  standardized  as  the  Mailing  Merton  series  (MM  1,  MM  II, 
or  MM  \dl).  EM  \dl  and  EM  IX,  are  e.xtreine  dwarfing  rootstocks.  Tliese 
rootstocks  produce  tlie  dwarfing  effect  ev'cn  if  interposed  between  a  “non¬ 
dwarfing”  rootstock  and  a  scion 
\arietv  (Fig.  7-20).  Tims,  it  is 
possible  to  avoid  the  shallow- 
rooted  characteristics  of  EM  IX, 
which  produces  poorly  anchored 
trees,  which  are  liable  to  tip  over 
in  wet  ground  after  a  strong  wind, 
by  using  it  as  an  interstock  rather 
than  a  rootstock. 

Pears  are  dwarfed  ])v  certain 
clones  of  (piince  that  belong  to  a 
closely  related  genera  (Cydonia). 

To  avoid  the  graft  incompatibilities 
of  certain  varieties  of  pear  and 
(piince,  an  interstock  mntnallv  com¬ 
patible  to  both  scion  and  stock  is 


Fig.  7-20.  A  comparison  of  fruiting  and 
size  of  seven-year-old  Delicious  on  seed¬ 
ling  rootstock  (left)  and  on  Clark  dwarf 
(right).  The  Clark  dwarf  is  obtained  by 
using  a  .stem  piece  of  Clark  (a  .selection 
of  Trench  Paradise)  as  an  interstock  be¬ 
tween  the  seedling  rootstock  and  the 
scion  varietif. 


used  as  a  “bridge.”  The  pear  warietv 
Hardy  is  often  used  as  sncli  a  bridge.  .A  “sliield  Iri.d”  of  ffardv  inserted 

niKler  tlie  scion  bod  sers  es  tbe  same  function.  Dwarfing  rootstocks  also  exist 
for  stone  fruits. 


Stimulation  of  Growth 

iiootstocks  may  be  used  to  coTtipensatc  for  poor  root  growth  Tbe  experi¬ 
mentally  prodneed  pear-apple  hybrids  bad  t<,  be  grafted  on  pear  or  apple 
to  surx  .se.  Tbe  nprigbt  jnnipers  Oumperus  virpnkma  carieties)  base  a  rroor 
ro<,t  .system,  making  them  dillicnit  to  propagate.  Bv  grafting  them  onto  tbe 
■Stnrtly  root  system  of  jumperus  gfm,c«  betzi,  a  snperior  plant  is  created 
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Directing  Plant  Groictli  [Chap.  7] 

111  apple,  the  use  of  \4rginia  crab  as  a  rootstock  or  body  stock  to  increase 
the  \igor  of  the  scion  was  once  a  common  practice,  but  tliis  is  no  longer 
recommended  because  of  the  sensiti\itv  of  Virginia  crab  to  a  virus  disease 

known  as  “stem  pitting”  (  Fig.  7-21 ). 


Flowering  and  Productivity 

The  induction  of  flowering  in 
the  “nonflowering”  Jersey  group  of 
the  sweet  potato  by  grafting  to 
several  species  of  related  genera  of 
the  ConvohuUiceac  (morning 
glory)  is  a  striking  use  of  grafting 
to  effect  differentiation  (Fig.  7-22). 
Apparently  a  .specific  flowering 
substance  produced  by  the  morn¬ 
ing  glory  is  transferred  to  the  sweet 
potato.  This  substance  is  produced 
in  the  leaves  of  the  morning  glory 
species  and  is  further  effected  by 
photo-period  and  temperature 
effects.  This  techniijue  allows  the 
use  of  hybridization  as  a  breeding 
method  for  the  sweet  potato.  It  is 
of  course  unnecessary  in  the  com¬ 
mercial  production  of  sweet  pota¬ 
toes,  since  they  are  propagated 
from  adventitious  shoots  that  grow 


Fig.  7-21.  Siimptom.s  of  stem  pitting 
virus  on  a  Virginia  crab  apple  hodijstock. 
The  scion  variety.  Golden  Delicious,  does 
not  show  the  symptoms,  hut  may  carry 
the  virus. 

[Courtesy  H.  B.  Tukoy.] 


from  the  root. 

The  age  at  which  fruit  trees  will  begin  to  bear  can  be  affected  by  the  root- 
stock.  The  severely  dwarfing  rootstocks  of  apple  and  pear  also  encourage 
early  bearing.  Dwarfing  rootstocks  have  been  utilized  to  induce  fruiting  in 
pears,  which  are  notoriously  late  bearing,  without  a  permanent  dwaifing 
effect.  Pears  grafted  or  budded  to  ipiince  are  planted  with  the  union  6-S  in. 
below  the  ground.  Early  fruiting  is  stimulated  by  the  ({uince  rootstock.  Scion 
rooting,  however,  eventually  overcomes  the  dwarfing  influence  of  the  (luince 

rootstock.  .... 

Although  the  yield  of  dwarfed  trees  is  smaller  per  tree  than  it  is  m  tlie 

“standard”  tree,  their  reduced  size  allows  for  clo.ser  spacing.  This  factoi. 


coupled  with  the  early  bearing  tendency,  often  results  in  greater  per-acre 
yields  with  dwarf  apples  than  has  been  achie^’cd  ^^'ith  “standard  trees  on 
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tlie  standard  spacing.  Tliere  is  c\'idcnce  that  some  dwarfing  rootstocks,  w  ith 
respect  to  fruiting,  actually  produce  a  more  efficient  tree  than  do  seedling 
rootstocks.  In  general,  dw'arfing 
rootstocks  seem  to  have  no  effect 
on  fruit  size. 

In  some  instances  the  c|ualit\' 
characteristics  of  the  scion  fruit 
have  been  showai  to  be  effected  bv 
the  rootstock.  For  e.xample,  the 
rough  lemon  rootstock  low'ers  the 
sugar  content  of  scion  v^arieties  of 
orange  as  compared  to  other  root¬ 
stocks.  In  addition,  rootstocks  may 
affect  such  characteristics  as  bloom¬ 
ing  date  and  maturitv. 


Fig.  7-22.  Sweet  potato  jlowering  after 
being  grafted  to  a  species  of  morning 
glonj  ( Ipomaea  Nil). 

[Courtesy  S.  Lam.] 


Pliloem  Disruption 

The  induction  of  early  fruiting 
and  the  contiol  of  grow'th  by  tech- 
nit  pies  that  disrupt  the  phloem, 
such  as  girdling,  scoring,  or  ringing, 
are  also  ancient  horticultural  prac¬ 
tices.  Inverting  a  ring  of  bark  accomplishes  the  same  effect  (  Fig.  7-23).  These 
practices,  performed  in  early  July  (in  the  temperate  regions  of  the  northern 
hemi.sphere),  are  used  to  initiate  flow  er  bud  formation  in  tw'o-  or  three-year- 
old  clonally  propagated  apple  trees  in  order  that  they  will  fleiwer  and  bear 
fruit  the  following  year.  Phloem  disruption,  such  as  dwarfing  rootstocks, 
does  not  oNercome  seedling  juvenility,  but  is  practiced  to  increase  flowering 
on  four-year-old  apple  seedlings.  The  injured  phloem  retards  the  downward 
movement  of  the  synthesized  organic  materials.  The  induction  of  flower  bud 
initiation  is  apparently  due  to  the  accumulation  of  some  substance  above 
the  injured  phloem,  for  a  single  branch  can  be  induced  to  flower  amid  a 
barren  tree.  The  effect  is  temporal)’,  ow  ing  to  the  regeneration  of  phloem  in 
the  cuts,  and  to  the  seam  in  the  iinerted  ring,  .\lthough  the  inverted  ring 
effectwely  blocks  the  downward  mo\ement  through  the  phloem,  according 
to  Karl  Sax,  the  proponent  of  the  techniep.e,  this  one-wav  movement  (polar¬ 
ity  )  may  e\  entuallv  be  reversed. 

-1)1, .  liict  tliul  |)l,l,K-n,  disruption  als.)  produces  a  iKvarfing  efiect  in  adtli- 
don  to  tite  tndnetiott  ol  early  llon  ering  suggests  that  some  types  of  rootstock 
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BARK  INVERSION 
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W'lrh 
Ci^HOHS  r(5SUC 


KINCJINC; 


SCORING 


Fig.  7-23.  Dwarfing  and  the  induction  of  earlij  fruiting  may  he  accomplished  hy 
phloem  disruption. 


tlwarfing  niav  be  related  to  the  interference  of  downward  phloem  transport 
with  the  suhsecjiient  accninnlation  of  organic  substances.  This,  however, 
cannot  explain  the  dwarfing  effects  of  all  rootstocks. 


Uardeninfi^ 

Hardening  in  its  broad  sense  refers  to  processes  that  increase  the  ability 
of  a  plant  to  survive  the  impact  of  unfavorable  environmental  stress.  In  its 
more  restricted  meaning  hardening  refers  to  processes  that  enable  plants  to 
withstand  cold  injury,  just  as  the  term  hardiness  is  usually  used  to  refer 
specifically  to  cold  hardiness. 

CJold  hardiness  is  a  variable  characteristic  that  differs  greatly  with  species. 
However,  the  development  of  hardiness  within  a  plant  \  aries  in  response  to 
sea.sonal  changes.  For  examph*,  many  plants  that  survive  extreme  winter 
free/ing  may  be  severc'Iy  injured  by  spring  frost.  'I'he  natural  change  m 
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liarcliness  in  plants  is  related  to  temperature.  Tlie  onset  of  cooler  weatlier  in 
the  fall  brings  about  a  hardening  and  physiological  toughening  of  woody 
and  her})aceous  plants.  The  increase  in  natural  hardiness  is  due  to  an  accu¬ 
mulation  of  sugars  that  increases  the  colloidally  bound  water.  This  is  brought 
about  bv  a  slow'-down  of  growth  coincident  with  starch  conx  ersion  or  photo- 
sxnthesis.  Maximum  cold  hardiness  is  achiex’ed  in  a  cool,  dry,  sunnx'  fall; 
the  coolness  and  drxness  discourage  grow  th,  whereas  the  sunshine  fax’ors 
photosynthesis. 

I’he  hardening  off  of  transplants  may  be  achieyt'd  by  any  treatment  that 
materially  checks  new  grow  th.  This  may  be  accomplished  by  gradually 
exposing  the  plants  to  cold,  withholding  moisture,  or  a  com])ination  of  these 
two  treatments.  In  general,  about  10  days  are  sufficient  to  harden  plants. 
This  treatment  is  designed  to  produce  a  stocky,  toughened  plant  in  contrast 
to  a  soft,  tender,  “leggy”  plant.  Hardened  plants  are  often  darker  green  in 
color  and,  in  the  case  of  crucifers,  haye  an  increased  waxy  cox  ering  of  the 
leaxes.  The  induced  cold  resistance  brought  about  bx'  the  hardening  treat¬ 
ment  in  cool-season  crops  such  as  cabbage  or  celerx'  may  be  considerable. 
Unhardened  cabbage  plants  shoxy  injury  at  28°F,  xxTereas  the  hardened 
plants  can  xxithstand  temperatures  as  loxx'  as  22°F.  In  xx’arm  season  crops, 
such  as  tomato,  the  degree  of  cold  hardiness  imposed  is  slight,  but  harden¬ 
ing  inures  the  plant  to  transplanting  shock  and  hastens  plant  establishment 
under  adxerse  conditions.  The  reduced  grow  th  rate  enables  the  plant  to 
xxithstand  desiccation  until  the  root  system  becomes  established.  Tender 
plants,  which  respire  rapidly,  haye  little  chance  of  survixing  xxarm,  windy, 
diy  conditions  folloxxing  transplanting.  The  cessation  of  groxx  tb  under  the 
haidening  tieatment,  hoxx'ex^er,  may  sex'erely  interfere  xx’itb  subse(|uent  per¬ 
formance,  thus  care  must  be  taken  to  axoid  oyerhardening.  Under  ideal 
transplanting  conditions  hardening  may  not  be  necessarx'. 


CHFMICAL  CONTROL 

The  control  of  plant  grow  th  and  differentiation  through  the  use  of  chemi¬ 
cal  substances  is  a  modern  dexelopment  in  horticulture,  although  examples 
can  be  found  of  the  early  use  of  x  arious  substances  (  for  example,  salt  xx  ine 
urine,  germinating  seeds)  to  this  end.  In  general  only  a  few  isolated  exam¬ 
ples  of  these  ancient  practices  hax  e  lieen  show  n  to  hax  c  a  real  phx  siological 
Ixisis.  The  adxances  in  this  area  hax  e  not  come  about  through'  empirical 
metlKKls  hut  are  instead  largely  a  In-prnduct  „f  inxe.stigations^ntn  gr„«tl, 
anti  develnpnrent.  Tins  field  was  gieen  great  i.npetns  he  \he  impact  of  auxin 
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studios  un  horticultural  tochuology.  A  uuiuhor  of  suhstaucos  arc  now  known 
that  luu'o  a  rolativoly  broad  spoctruin  of  effects  ( for  example,  indoleacetic 
aeid,  maleic  hydrazide,  the  gibherellius ).  Others  merelv  mediate  or  block 
specific  metabolic  pathways.  Substances  such  as  colchicine  have  been  used 
to  achieve  permanent  genetic  changes  (see  Chapter  11).  It  can  be  assnmed 
that,  as  knowledge  expands  in  this  area,  an  increasing  number  of  grow  th- 
regulating  substances  w  ill  be  found. 

\t  present,  the  substances  used  to  kill  plants  account  for  the  greater  part 
of  chemical  control.  This  is  discussed  further  in  the  following  chaj^ter.  The 
following  section  will  review'  chemical  substances  that  affect  phvsiological 
processes  of  importance  in  horticultural  practice. 


Rootin(^ 


The  rooting  of  cuttings  has  been  shown  to  be  influenced  by  auxin,  al- 
thougb  auxin  is  bv  no  means  the  onlv  substance  involved.  In  the  cutting,  the 
natural  auxin  produced  in  young  lea\  es  and  buds  moves  naturally  down  the 
plant  and  accumulates  at  the  cut  base  along  with  sugars  and  other  food 
materials.  The  natural  formation  of  roots  is  apparently  triggered  by  the  accu¬ 
mulation  of  an  optimum  auxin  le\  el 
in  relation  to  these  substances.  In 
a  wide  varietv  of  plants,  rooting  is 
markedly  increased  by  the  addition 
of  synthetic  auxin.  Although  a 
w'ide  variety  of  such  compounds 
has  been  used,  the  greatest  degree 
of  success  has  been  achiexed  with 
indolebutxric  acid  (Fig.  7-24): 


|/\ - ClbCIloCIloCOOll 
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fndolehut  \  ric  acid 


Fig.  7-24.  The  potofisiiini  salt  of  indolc- 
hati/ric  acid  markedhj  increases  the  root- 
i)i^  of  Chaenomeles  (//mrer/ag  f/a/arc). 

[Courtesy  S.  Wells.] 


Other  auxins  have  a  ver\  narrow 
effecti\e  range  of  concentrations. 
Ca)ncentrations  below  the  critical 
le\el  are  ineffectise  in  root  in¬ 
itiation,  whereas  those  abo\e  the 
critical  level  not  onlv  inhibit  both 
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root  growth  and  ])ik1  dev  elopment  hnt  may  cause  gross  morpliological  in- 
jnrv.  Indoleaeetie  aeid  is  inefiective,  prohal)ly  because  it  is  ri'adily  destroyed 
l)V  the  plant. 

(Sittings  from  many  plants  that  are  natiirallv  difficult  to  root,  such  as 
apple,  do  not  respond  to  au.xin  application.  .An  interesting  facet  of  this  prob- 
k'ln  is  that  the  transition  of  cuttings  of  some  plants  from  “easv-to-root”  to 
“difficult-to-root”  is  associated  with  the  plant’s  change  from  juvenility  to 
maturity  This  may  be  due  to  the  formation  at  maturity  of  inhibitors  that 
block  rooting.  Thus,  difficult-to-root,  dormant  grape  cuttings  become  ea.s\’- 
to-root  when  leached  with  water  to  remove  the  inhibitor.  Other  plants  be¬ 
come  difficnlt-to-root  not  because  inhibitors  are  present  but  because  tbe\' 
become  deficient  in,  or  lack,  certain  retpiired  substances.  If  these  substances 
are  applied  in  combination  with  au.xin,  rooting  can  be  promoted.  This  prol)- 
lem  will  be  discussed  further  in  Chapter  9. 


Boltino 

Bolting  or  seed  stalk  formation  in  biennial  plants  is  induced  by  cold.  Thus, 

carrots  and  onions  do  not  flower  unless  growth  is  interrupted  by  a  cold- 

induced  dormancy.  This  cold  re(|uirement  may  be  replaced  under  certain 

conditions  by  treatment  with  gihhereUins,  a  group  of  substances  whose 

primary  morphological  effects  are  associated  with  stem  elongation.  Gibberel- 

lins  apparentl)'  replace  or  substitute  for  the  natural  compounds  that  are 

produced,  or  which  accumulate,  during  the  cold  period  and  are  responsible 

for  bolting.  Gibberellins  will  also  induce  bolting  in  those  plants  in  which 

the  process  does  not  recpiire  cold  but  ^^Tich  are  photoperiod  sensitix  e,  such 

as  spinach.  The  bolting  stimulus  provided  by  gibberellins  is  independmit  of 

the  flower-inducing  stimulus.  Thus,  flowering  in  some  chrysanthemums  is 

dependent  not  only  upon  a  short-day  photoperiod  but  upon  elongation 

induced  by  cold  treatment.  Ciibberellins  can  replace  the  cold  reciuirement 

but  the  plants  remain  yegetati^•e  under  long  days.  This  use  of  gibberellin.s 

m  promoting  bolting  has  far-reaching  effects  in  breeding,  where  time  is  often 
a  limiting  factor. 

C.ihlx-relliiK  liax  e  tile  useful  effect  uf  facilitating  mirnial  seed  stalk  forma- 
tuiu.  I- or  example,  tl.e  heads  of  some  lettuce  sarieties  are  so  tight  that  the 
Mcd  stalk  cannot  push  through  and  nia>-  hreak  or  rot  unless  the'head  is  cut 
Thrs  ,s  a  desirable  trait  in  crop  production,  hut  it  interferes  « ith  sra-d  preu 
udion.  Treatment  u  ith  gihherellins  can  he  usetl  to  encourage  normal  seed 

Stalk  formation  m  these  lettuce  types. 
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I' lower  huhictioii 

Tlie  biochemical  basis  of  Howering  still  remains  unknown.  That  the  trig¬ 
gering  mechanism  is  hormonal,  howex'er,  is  indicated  by  the  translocation 
of  the  photoperiodic  stimulation  from  leaf  to  bnd  and  across  a  graft  union. 
It  has  been  demonstrated  that  the  suspected  flowering  hormone  (“florigen”) 
is  not  auxin,  although  auxin  is  invoKed  in  the  process.  Thus,  auxin  appli(‘d 
to  many  plants  after  the  initiation  of  Howering  may  effecti\eK'  promote 
Howering.  Flower  initiation  of  pineapple  is  induced  by  a  number  of  com¬ 
pounds,  among  which  are  auxin  and  such  nnsatnrated  hydrocarbons  as 
ethylene.  This  nnitjue  use  of  auxin  to  control  Howering  in  pineapple  is  now 
a  standard  cultural  procedure.  At  present,  different  auxin  deri\ati\’es  are 
utilized,  for  example,  sodium  naphthalene  acetate  in  Hawaii,  2,4-D(2,4- 
dichlorophenoxyacetic  acid)  in  the  Caribbean  area. 


Fruit  Set 

Promotion  of  Fruit  Set 

The  practice  of  chemically  inducing  fruit  set  has  followed  from  studies 
inyolying  the  relationship  of  natural  auxin  to  fruiting  (see  Chapter  5).  The 
use  of  auxin  deriyatix  es  to  set  fruit  in  the  absence  of  pollination  ( partheno- 
carpy)  has  had  some  commercial  utilization  in  the  winter  greenhouse  pro¬ 
duction  of  tomatoes,  where  fruit  set  becomes  difficult,  and  in  fig  and  grape 
production.  The  auxin  substances  generally  used  for  tomatoes  are  /;-chloro- 
pbenoxyacetic  acid  and  /^-naphtho.xyacetic  acid.  This  piactice  is  limited, 
howeyer,  since  it  causes  fruit  abnormalities,  such  as  puffiness  and  premature 
softening.  The  use  of  auxins  to  set  fruit  in  Calimyrna  fig  eliminates  the  need 
for  male  trees  and  the  practice  of  caprification.  Howeyer,  the  most  effectne 
auxin  for  fruit  set  (/j-chlorophenoxyacetic  acid)  produces  a  seedless  fruit 
that  has  not  prox  ed  to  be  acceptable,  and  the  auxin  ( benzothiazoll-2-oxy- 
acetic  acid),  xxhich  permits  the  dexelopment  of  the  seed  coat,  is  not  as 
effectixe  for  fruit  set.  The  use  of  auxin  sprays  to  promote  fruit  set  in  some 
grape  xarieties  has  eliminated  the  need  for  girdling.  This  has  become  a 
Tyidelx-  adopted  practice  in  California  for  use  xxith  the  Black  Cormtli  and 
Thompson  Seedless  x  arieties. 


Flower  and  Fruit  Thinning 

The  remoxal  of  Hoxxers  and  fruits  to  reduce  crop  loads  has  been  referred 
to  as  thinning.  The  relationship  of  thinning  to  fruit  (piality  and  size  is  dis- 
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cussed  furtlier  in  Cliaptcr  8.  Tlic  reduction  in  crop  load  by  chemical  thin¬ 
ning  has  hceoine  a  standard  practice  in  a  large  part  of  the  fruit  industry. 
It  is  one  of  the  best  examples  of  the  chemical  control  of  growth.  The  physio¬ 
logical  action  of  these  chemicals  consists  in  preventing  the  completion  of 
fertilization  or  to  induce  embryo  abortion,  both  of  which  result  in  natural 
abscission.  Chemical  thinning  mav  be  performed  prior  to  fertilization  (flower 
tliinning^)  or  after  fertilization  (frnit  thinning). 

The  materials  effective  in  thinning  mav  be  grouped  into  two  t\’pes,  de¬ 
pending  on  their  mode  of  action.  Flower-thinning  compounds  are  composed 
of  caustic  and  toxic  substances  (for  example,  phenols,  cresols,  dinitro-com- 
pounds)  that  kill  off  the  blossoms  or  render  them  sterile.  The  principal 
effect  of  an  interesting  substance  called  Mendok  (sodium  dichloroisobutM- 
ate)  is  to  induce  pollen  sterilit)’.  This  male  gamctocide  has  been  used  ex¬ 
perimentally  in  tomatoes  (a  self-pollinated  crop)  to  induce  sterility  in  the 
early  clusters  and  thereby  to  concentrate  fruit  set.  The  concentrated  ripen¬ 
ing  of  fruits  w  ould  be  desirable  for  “once-over”  mechanical  harvesting.  The 
fiuit  thinning  materials  arc  auxin  derivatives,  which  bring  about  thinning 
largely  through  embryo  abortion.  It  is  interesting  to  note  that  auxin,  which 
sets  fruit  in  some  species,  is  used  to  remove  fruit  in  others. 

.\11  auxins  are  not  necessarily  effective  in  thinning,  and  in  fact  only  naph- 
thaleneacetic  acid  and  its  derivatives  are  effective  in  fruit  thinning.  This 
auxin  is  widely  used  in  apples  and  is  effecti\'e  in  peaches,  pears,  oli\  es,  and 
giapes,  although  /j,l-naphthvl  phthalamic  acid  has  been  more  widely  used 
in  the  stone  fiuits.  Chemical  thinning  with  auxin  is  also  employed  to  pre\  ent 
fiuiting  in  tiees  used  as  ornamentals,  where  only  flowering  is  desired  and 
fruit  is  considered  a  nuisance. 

^  The  way  in  which  auxin  derivates  cause  embryo  abortion  is  not  clear, 
kor  example,  the  principal  absorption  of  auxin  is  not  through  the  fruit  but 
through  the  foliage.  The  degree  of  thinning  with  auxin  is  greatly  affected 
by  the  concentration  used,  the  timing  of  application  in  relation  to  fruit  de¬ 
velopment,  and  the  species  and  variety,  as  well  as  by  such  environmental 
factors  as  temperature  and  humidity. 


Prehane.st  Fruit  Drop 

Tlu.  i-yct  of  ausin  in  inlnl.iting  al)sci,ssi„„  I, as  fnnnd  an  important  l.o,- 
t.cnltnra  application  in  tlic  control  of  pre-harvest  frnit  drop.  The  natnral 
auMn,  wind,  prexents  abscission  a.ul  is  pros  ided  by  tin-  soetl,  apparentiv 
.  cercast-s  with  frnit  matnritv.  .A  nmnhcr  of  .synthetic  snhstanees  !.re  now 
.<d  .lelay  Innt  drop,  among  which  are  naphthalencacctie  acid,  2.i,5. 
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ti  ichloi  ophcnoxyacctic  acid,  aiui  a-2,4,5-tiichlor()phcn()xy  propionic  acid. 
Clieniical  prcluirvest  drop  control  is  widely  used  in  the  fruit  industry  for 
apple,  apricot,  pear,  prune,  almond,  and  citrus,  and  especially  in  varieties 
of  these  fruits  that  are  prone  to  drop  prematurely.  It  is  an  effective  means 
i)f  preventing  fruit  drop  that  is  ordinarily  accentuated  after  frost.  The  use  of 
preharvest  drop  control  to  increase  red  color  development  after  maturity  is 
reached  cannot  he  recommended  because  of  the  poor  storage  ([ualities  of 
overmature  fruit. 


Dorniancif 

The  modification  of  seed  and  plant  dormancy  promises  to  be  an  important 
area  for  chemical  control.  Although  the  control  of  seed  dormancy  has  re- 
ceiv'cd  relatively  little  attention,  there  has  been  a  great  deal  of  effort  to  pro¬ 
long  dormancv  with  respect  to  the  storage  of  horticultural  products.  For 
example,  the  serious  losses  of  potatoes  and  onions  are  associated  with  sprout¬ 
ing  that  occurs  with  the  breaking  of  dormancy.  High  concentrations  of  auxin 
have  been  successful  in  prolonging  dormancy.  A  number  of  other  substances 
that  prolong  dormancy  but  which  do  not  “kill”  the  tuber  or  bulb  are  being 
isolated.  Flowever,  the  use  of  many  of  these  substances  on  foods  is  not 
feasible.  The  use  of  the  growth  inhibitor  maleic  hydrazide, 
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Maleic  Hydrazide 

has  been  effectiye  in  inhibiting  sprouting  in  onions  and  potatoes,  even  when 
applied  to  the  growing  plant.  The  extension  of  dormancy  in  woody  plants 
to  avoid  damage  bv  spring  frost  would  provide  great  economic  benefits. 


Croivth  Promoters  and  Inhibitors 

Chemical  matcaials  that  promote  or  inhibit  plant  growth  have  promising 
uses  in  horticulture.  For  example,  kinetin  ( fi-furfurylamino  purine)  acts  as 
a  promoter  of  cell  division  and  appears  to  have  value  in  promoting  callus 
formation.  Similarly,  the  growth-stimulating  effects  of  gibberellins  are  used 
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to  iiicrcast*  tlio  size  of  celeiN'.  Sul)staiices  that  iiiliibit  or  retard  giowtli  aie 
e(|iiall\’  desirable.  The  elleet  of  maleic  hydrazide  in  slowing  down  the 
growth  of  tnrf  to  reduce  the  fie- 
(|nency  of  cutting  has  not  pro\en 
practical  in  the  field,  but  has 
stimulated  a  search  for  other  com¬ 
pounds  to  this  end.  Hecentlv,  a 
number  of  compounds  haxe  been 
found  that  dwarf  plants  effectixelv 
bv  retarding  stem  growth,  hbxam- 
ples  arephosphon  (2,4-dichlorob('n- 
zyltributvlphosphonimn  chloride ) 
and  CC>C  (2-chloroetln'l  trimethvl- 
ammonium  chloride).  Such  sub¬ 
stances  show  promise  for  use  in 
reducing  the  height  of  many  orna¬ 
mental  flowering  plants  without 
unduly  interfering  with  flow'ering 
time  or  flower  size  (Fig.  7-25). 

Substances  that  result  in  leaf 
abscission  have  had  important  uses 
in  agriculture.  The  defoliation  of 
cotton  with  Endothal  (disodinm 


Soil  treated 
vvirh  phoifon 

Fig.  7-25.  The  growth  retardant  prop¬ 
erties  of  phosphon. 

[Adapted  from  Agricultural  Research  Service  22-65, 
USDA,  1961.] 


3,6-endo.\ohe.\ohydrophthalate  to  facilitate  mechanical  harx  esting  is  the  best 
example.  This  compound  has  found  horticultural  application  in  the  defolia¬ 
tion  of  rose  plants  prior  to  harvesting.  The  use  of  defoliants  to  facilitate 
grape  liarx  esting  is  being  tried  experimentally. 


Selected  References 

Auclus,  L.  J.  Plant  Growth  Sttlrstances.  Leonard  Hill,  London  1959.  (The  physi¬ 
ological  action  and  practical  application  of  groxx  th  regulators.) 

Chri.stopher,  E.  P.  The  Pruning  Manual.  Macmillan,  New  York.  1954.  (A  non¬ 
technical  hut  thorough  treatment.) 

L,.0|)0l<l  A.  C.  Auxim  ami  Flam  Growlh.  Univ.  of  Calif.  Press,  Berkclev.  1955. 
(the  tnndamentals  ol  auxin  action  and  their  u.se  in  agriculture.) 

4'ukey,  H.  Ik  Dwarfed  Fruit  Trees.  Macmillan,  New  York.  (In  Press.) 


CHAPTER  ^ 


Biolo  giail  Competition 


The  earth  is  covered  with  a  \  ariety  of  life  forms  in  competition  for  food, 
light,  and  elbow  room.  To  a  great  extent  man,  the  ascendant  species,  now 
directs  this  competition  to  his  own  advantage.  The  efficiency  of  this  control 
is  commonly  thought  of  in  terms  of  civilization  or  culture.  The  standard  of 
living  of  a  people  is  directly  related  to  their  ability  to  compete  in  the  bio¬ 
logical  spectrum. 

The  two  great  professions  that  deal  directly  with  man’s  control  over  his 
biological  competitors  are  medicine  and  agriculture.  Diseases  of  man,  neg¬ 
lecting  inborn  errors  of  metabolism,  are  largely  due  to  the  competition  hv 
microorganisms  for  ascendancy  in  the  human  body.  Agriculture,  on  the  other 
hand,  is  concerned  with  man’s  efforts  to  control  and  exploit  plant  and  animal 
life  for  food  and  fiber.  The  term  horticulture,  the  intensive  cultivation  of 
“garden  ”  crops,  implies  man’s  interference  with  the  natural  competition  and 
interaction  among  living  things.  The  forms  of  biological  competition  that 
we  are  concerned  with  in  plant  cultivation  are  plant  pests  (pathogens, 
predators,  and  weeds)  and  the  crop  plants  themselves. 

Plant  pests  take  a  heavy  toll  from  world  agriculture.  In  the  United  States 
the  yearly  loss  in  farm  crops  has  been  estimated  at  5  billion  dollars.  More¬ 
over,  the  annual  cost  of  pesticides  and  related  ecpiipment  amounts  to  almost 
.350  million  dollars.  The  awesome  destructive  power  of  some  pests  could 
wipe  out  the  crops  in  an  entire  section  of  the  country.  Others  may  not  he 
.spectacular  hut  in  the  long  run  are  ecjually  insidious.  These  pests  continually 
“peck  awav”  at  our  abundance,  hut  their  damage  tends  to  he  unnoticed.  To 
a  particular  grower  or  home  owner  a  particular  pest  may  mean  the  differ¬ 
ence  h(‘tween  feast  or  famine,  sun  or  shade.  .Ml  eventually  share  the  cost 
of  this  waste. 

2:^4 
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COM PKTITION  BKTMEKN  CHOP 
AND  PATHOCKN 

Disease 

I'lic  word  disease  means  literally  “not  at  ease.”  Broadly  defined,  a  disease 
is  any  injurious  abnormality.  A  distinction  between  these  abnormalities — 
physiological  or  anatomical — is  made  on  the  basis  of  cause.  Diseases  caused 
by  some  biological  agent  are  referred  to  as  })allt()<s^euic  diseases.  'Nonpatho- 
diseases  may  include  the  adverse  effects  of  abnormal  physiological 
disorders,  environment  (extremes  of  heat,  cold,  fertility,  water  ayailability ), 
graft  incompatibilities,  spray  injury,  or  disorders  due  to  unknown  causes 
(Fig.  8-1). 

d  he  use  of  the  word  “disease”  to  refer  to  insect  injurv',  much  less  to  non- 


Fig.  S-1.  The  I)lank  sjwts  iti  tiiis  California  pear  orchard  are  a 
result  of  a  serious  "disease”  known  as  pear  decline.  The  cause 
of  this  maladij  is  unknown  hut  is  related  to  the  use  of  oriental 
rootstocks,  mainly  Pyrus  ussuriensis. 

[Courtesy  USDA.] 
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patliogenic  disorders  of  plants,  may  be  objectionable  to  some.  Nevertheless, 
consideration  of  the  term  mental  disease  will  indicate  that  the  word  disease 
is  certainly  not  an  e.xclnsive  one.  The  confusion  arises  from  the  use  of  the 
term  in  a  restrictive  sense  to  refer  to  the  injurious  effect  caused  by  a  taxo- 
nomically  distinct  organism  in  intimate  association  with  the  host  plant  for 
extended  periods  of  time.  This  use  of  the  term  disease  would  apply  to  tla* 
detrimental  effects  that  viruses,  bacteria,  and  fungi  have  on  plants.  The  detri¬ 
mental  effects  of  insects,  mice,  or  birds  would  then  be  referred  to  as  injur\- 
rather  than  disease,  the  term  predator  rather  than  pathogen  being  applied 
to  these  pests.  The  distinction  between  predator  and  pathogen,  however,  is 
not  clear-cut.  Many  plant-attacking  nematodes  as  well  as  insects  (such  as 
the  peach  tree  borer)  are  in  intimate  contact  with  the  plant  for  extended 
periods  of  time  and  would  w'ell  be  considered  pathogens  e\’en  in  the  sense 
of  the  restrictive  definition.  In  the  ensuing  discussion,  no  special  distinction 
will  be  made  betw'een  pathogen  and  predator. 

Pathogenic  plant  diseases  may  be  discussed  either  in  terms  of  the  agent 
(  pathogen )  causing  the  disease  or  in  terms  of  plant  response.  The  specific  re¬ 
sponses  of  the  plant  are  known  as  symptoms,  which  together  with  e\idence 
of  the  pathogen,  signs,  permit  the  diagnosis  of  the  disease;  that  is,  the  asso¬ 
ciation  of  the  disease  with  its  cause.  Care  must  be  taken  not  to  confuse  the 
cause  of  the  disease,  the  pathogen,  with  the  disease  itself. 


Sijmptoms 

Plants  respond  to  the  irritation  of  an  external  biological  agent  in  a  limited 
number  of  w'ays.  The  plant,  or  parts  of  it,  may  die— necrosis.  This  may  be 
general,  resulting  in  the  complete  death  of  the  plant,  or  may  be  limited  to 
specific  organs,  such  as  leaves,  branches,  flow'ers,  or  fruits.  Death  may  be 
restricted  to  small  areas  resulting  in  spots  or  holes.  Decline  may  be  gradual 
and  incomplete.  For  e.xample,  chloroplast  breakdown  appeals  as  \ellowing 
or  mottling,  but  does  not  necessarily  result  in  the  immediate  death  of  the 
plant,  .\nother  basic  plant  response  is  a  reduced  growth  rate,  which  ma)' 
affect  the  entire  plant  or  certain  of  its  parts,  resulting  in  stunting,  dw  arfing, 
or  incomplete  differentiation.  third  response  is  an  increased  growth  of  an 
abnormal  and  morbid  type.  This  results  in  overgrow  ths— enlargements  of 
organs,  tissues,  or  cells — or  tumor-like  protuberances  called  galls.  Although 
it  is  true  that  the  basic  plant  re.sjKin.ses  are  limited,  the  many  variations  in¬ 
volving  different  tissues  often  permit  accurate  diagnosis  from  the  symptoms 

alone. 
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3'1k‘  patliogeii  lias  hocii  clc'liiu'cl  as  the  biological  agent  inciting  the  dis¬ 
ease.  One  is  constantly  awed  by  the  mimlx'r  and  kinds  of  pathogens  affect¬ 
ing  horticultural  plants.  They  include  almost  the  whole  biological  spectrum. 
Their  effect  may  be  as  transient  as  an  insect  bite  or  as  persistent  as  a  \  irus 
infection. 

The  pathogens  association  with  the  plant  proxides  it  with  nourishment, 
shelter,  support,  or  some  other  advantage.  Competition  between  plant  and 
pathogen  is  part  of  the  natural  order  of  things.  Disease  is  not  evil,  mali¬ 
cious,  or  a  particularly  unusual  condition.  Nor  do  plants  escape  disease  bv 
x'irtue  of  their  being  “healthy.”  Many  pathogens  attack  only  vigorous,  thrifty 
plants. 

T  he  association  of  lix  ing  organisms  in  xxTiich  one  organism  derix'es  nour¬ 
ishment  fiom  another,  the  host,  is  knoxxn  as  parasitism.  The  terms  parasite 
and  pathogen  are  not  synonyms.  Pathogens  are  injurious  to  the  host  at  some 
stage  of  its  life  cycle,  xxTicreas  parasites  are  not  necessarilx'  injurious.  Most 
pathogens  aie,  hoxx  ex'er,  parasitic  in  nature.  Manx^  disease-causing  organisms 
max’  be  only  incidentally  pathogenic;  their  usuaf  mode  of  life  may  consist  in 
hx  ing  on  naturally  dead  or  decayed  tissue.  They  are  knoxx  n  as  saprophytes. 
Some  pathogens  hax’e  evolx  cd  xvith  a  specific  host  plant  to  such  an  extent  as 
to  be  obhoately  parasitic;  they  can  only  survive  on  the  fix  ing  tissue  of  the 
host.  The  host  range  of  some  pathogens  may  be  extremely  large,  or  it  may 
be  specific  enough  to  include  only  particular  cultix  ars  xx  ithin  a  single  species. 

\  inises 


\  inises  are  small  infectious  particles  made  up  of  a  core  of  nucleic  acid 
surrountled  by  a  protein  sbeatb.  Tlioir  ultramicroscopic  size  is  comparable 
to  that  of  proteitt  niolecules  (Fig.  ,S-2).  \-iruses  are  obligate  parasites  in  that 
t  ies’  reproduce  only  in  tbe  being  cell.  Iloss  ever,  tbes’  mav  be  removed  from 
the  organism  and  remain  active;  that  is,  capable  of  inciting  infection  Some 
'■iriises  remain  actis  e  in  e.xtracted  plant  iiiices  for  mam-  months;  the  tobacco 
mosaic  virus  remains  actis  e  for  vears  in  tiried  plant  material 
The  ipiestion  of  n  lietber  Mriises  are  Us  ing  or  nonlis  ing  has  become  inean- 
mgless  in  terins  of  modern  knosvletlge.  If  the  living  ss’stem  is  defined  in 
eriiis  of  a  self-duplicating  entits-  capable  of  reconst,  iicting  itself  from  dif- 
erent  component  parts,  then  tbe  siriis  is  indeed  alise,  despite  its  inabilits’ 
O  siiiiirm  or  breatbe."  On  the  other  liantl,  since  s  iriises  depend  upon  the 

metabolism  of  a  hying  cell  for  replication,  they  cannot,  by  tbemsels  es,  be 
tousideied  a  complete,  lix  ing  unit. 
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Fig.  8-2.  Plant  viruses.  (Left)  Portions  of  toI)occo  numiic  virus  particles.  Even 
the  sj)iral  arrangement  of  the  protein  sheath  is  visible  in  this  remarkable 
electron  photomicrograph.  The  complete  virtis  particle  is  about  ioO  X  8000 
an^.strom  units  {1A  =  10-^  eentimeters) .  (Ri^ht)  The  protein  .submits  are 
visible  in  this  photomicrograph  of  the  turnip  mo.saic  virus  j)articles  (SOOA  in 
diameter) . 

[C:()urtesy  R.  W.  Horne,  CaniRridne,  Enslancl.] 


Tile  genetic  structure  of  a  particular  virus  that  infects  bacteria  has  been 
determined.  These  \  iruses  show  mutation  and  genetic  recombination  that  is 
akin  to  sexual  reproduction.  Their  genetic  material  is  arranged  in  linear 
se({uence,  and  linkage  maps  (see  Chapter  10)  can  he  constructed  on  the 
basis  of  the  recombination  of  the  characteristics  that  affect  the  expression 
of  s\  mptoms. 

Diseases  caused  hv  viruses  are  common  to  most  cellular  organisms,  and 
many  \  iruses  infect  plants.  Plant  viruses  have  been  classified  into  two  main 
groups — yellows  and  mo.saic — largely  upon  the  basis  of  symptom  expression, 
init  also  upon  the  basis  of  other  factors.  The  symptoms  of  the  yellows  viruses 
include  yellowing,  leaf  curling,  dwarfing,  excessive  branching,  shortening  of 
internodes,  and  gall  formation.  These  symptoms  are  probably  brought  about 
by  hormonal  unbalance  and  \ascular  disturbances.  The  symptoms  of  the 
mosaic  viruses  include  a  mosaic  appearance  and  mottling,  or  spotting,  which 
is  due  to  chlorosis  in  small  areas  of  the  plant  or  to  the  death  of  tissues.  The 
effect  of  N-iruses  on  the  plant  \ary  from  slight  to  seNere,  depending  upon 
the  sensitivitv  of  the  host  variety  to  the  virus.  Curly  top,  a  \  irus  disease  that 
affects  tomato,  results  in  the  ([uick  death  of  the  plant.  A  combination  of 
viruses  complicates  the  symptom  picture;  in  general,  multiple  infection  in¬ 
creases  the  complexity  and  sexerity  of  the  symptoms.  Some  x  iruses  produce 
no  obvious  svmptoms  yet  considerable  economic  losses  may  occur. 

\  iruses  are  commonlx'  transmitted  bv  insects,  generally  leafhoppers  (yel- 
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lows  group)  or  apliicls  (mosaic  group).  Tlie  yellows  viruses  persist  in  tlie 
agent  of  transmission,  tlie  vector,  whereas  the  mosaic  viruses  do  not,  A  few 
\  iruses  arc  soil  borne,  and  some  of  these  are  transmitted  bv  nematodes.  Some 
\iruse.s  are  transmitted  through  the  seed,  but  even  when  a  virus  is  seed- 
transmitted,  onlv  a  portion  of  the  seedlings  become  infected.  Mosaic  viruses 
may  be  transmitted  by  rubbing  infected  leaves  or,  more  commonly,  by  rub¬ 
bing  infectious  sap  on  healthv  leaves.  Infection  may  also  be  transmitted 
through  grafting,  and  some  viruses  can  pass  through  the  natural  graft  union 
created  by  dodder,  a  parasitic  plant. 

The  ase.xual  propagation  of  virus-infected  plants  will  also  propagate  the 
\  irus.  The  only  satisfactory  way  of  maintaining  virus-free  stock  of  vegeta- 
tively  propagated  plants  is  by  the  perpetuation  of  plants  that  are  found  to 
be  free  of  the  pathogen.  Maintenance  of  virus-free  stock  is  difficult  but  is 
often  achie\’ed  by  isolation,  roguing  of  infected  plants,  and  control  of  insect 
\’cctors  (Fig.  8-3).  The  certification  of  seed  potatoes  is  based  parti v  on  free¬ 
dom  from  N’inis.  As  a  rule,  once  a  plant  contains  virus,  little  can  be  done  to 
free  it.  Inactix'ation  of  the  virus  in  an  infected  plant  bv  heat  is  effective  for 
some  viruses. 


Bacteria 

bacteiia,  one-celled  plants  and  the  smallest  of  li\  ing  'organisms,  '  are 
lesponsible  for  many  plant  diseases.  Se\’en  genera  of  bacteria,  none  of  which 
foim  spoies,  are  plant  pathogenic.  Bacteria  as  a  group  are  able  to  enter 
plants  only  through  natural  openings,  such  as  the  stomata  and  lenticels,  or 


fiji.  8-3.  A  acreentwuse  for  oiowin^  virus-free  strawberry  plants.  The 
tnesh  keeps  (Hit  aphids,  which  transmit  the  virus.  These  plants 
tallied  as  a  “nuclear”  .source  of  virus  free-plants  for  nurserymen, 
house  for  trees  is  in  the  hackmound. 
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(Coiirtcsy  Purdue  University.] 
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through  wounds.  Insects  are  important  in  the  transmi.ssion  of  bacterial  dis¬ 
eases. 


One  of  tlie  most  serious  bacterial  disea.ses,  and  the  one  in  which  l)acteria 


were  first  shown  to  cause  plant  dis¬ 
eases,  is  fireblight — a  disease  of 
apple  and  pear  caused  by  Encinia 
amijlovora  (Fig.  (S-4).  Insects  dis¬ 
seminate  this  bacteria,  which  pene¬ 
trates  the  plant  either  through  the 
nectar-producing  glands  in  the 
flower,  causing  a  blighting  or  death 
of  the  blossom  (blossom  blight), 
or  through  shoot  terminals  ( shoot 
blight).  The  bacterial  pathogen  is 
also  spread  from  infected  parts  to 
other  parts  of  the  tree  by  rain.  The 
organism  survives  ov'er  winter  in 
older  bark  lesions  called  cankers 
(  Fig.  8-5).  The  disease  is  e.xtremely 
serious  on  pear  and  has  confined 
commercial  production  in  the 
United  States  to  the  Pacific  states 
and  the  Great  Lakes  area.  Exen  in 
these  locations,  howexer,  careful 
control  measures  must  be  used.  This  inx’olx’es  the  constant  remoxal  of 
blighted  xxood,  the  use  of  antibiotic  sprays,  and  the  avoidance  of  rapid, 
succulent  moxvth. 

O 

Sx’inptoms  of  bacterial  diseases  include  the  death  of  tissues  and  the  forma¬ 
tion  of  galls.  The  .soft  rots  common  in  storage  diseases  are  associated  xxith 
pectin-dissolx’ing  enzxmes  produced  by  the  bacteria.  Wilts  produced  by 
some  bacterial  diseases  ( Stexvart’s  xvilt  of  corn)  are  a  result  of  vascular  dis¬ 
turbances,  specifically,  a  “plugging”  of  the  vascular  system  by  masses  of  the 
bacteria. 


Fig.  S-4.  Firchliglit  has  ahuost  com¬ 
pletely  destroyed  this  four-year-old  pear. 

[Courtfsy  of  Pmcliif  Uiiivor.sity.] 


Fungi 

Fungi,  xvhich  cause  the  great  majority  of  plant  diseases,  are  multicelled 
plants.  Ivxcept  for  some  primitive  types,  they  are  characterized  by  a  branch¬ 
ing,  thread-like  (mycelial)  growth.  Fungi  do  not  haxe  chlorophyll  and  hence 
depend  ultimately  on  green  plants  for  their  food.  Thex'  may  be  saprophytic 
or  parasitic,  and  many  are  both.  Ftingi  reproduce  by  spores,  xvhich  may  be 


(U)inj)(  Bcfu'cen  C'roj)  and  PalJio^cn 
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Piercing  ay\d  iwcking 
insects  (apkicl^,  leaf 
Vioppers,  etc.)  and  rain 


Injects  (bees,  flies, 
etc.)  and  rain  ^ect' 


Fig.  H-o.  Life  cycle  of  the  hacterium  Erwinia  amylo\ora,  which  causes  fhehlioht. 

[Aclapti'cl  from  Klo.s,  Micliisan  Staff  Univ.,  Extfn.sion  Folder  F'-,3()l,  1961.] 

mitiXicallv  (asexu.illv)  or  Tiieiotically  (sexii.illy )  produced.  Tile  life  cycle 
of  fimgi  is  typicidi)’  (piite  iiivoK  ed  and  comprises  mans’  different  stages. 

l-ongi  form  tliree,  large,  well-defined  groups,  rhi/comi/celcs,  Ascoimicctcs, 
and  li<miliomiicclcs.  Tliose  whose  sexual  stage  is  not  known  (aiuf  which 
prc-sninahl)-  max'  never  fo.ni  a  sexual  stage)  are  hnnped  together  in  a  more 
or  lesyirtificial  gronp  (the  mscologisfs  “trash  pile”)  as  /orngi  Impcrfcctl 
le  I  hycornycetes  arc  priinitise  fnngi  whose  characteristic  featnre  is  the 
ahsence  of  cross  walls  in  the  insxelinm.  Examples  of  well-known  horticnl- 
tnral  plant  ihseases  caused  hy  species  of  Phsconwcetes  are  downv  mildew 
o  gu.p«,  seedling  damping-off  (cansed  by  a  mnnber  of  species),'  and  late 
■ligl.t  of  potames.  -Ascomycetes,  which  pro.Ince  the  largest  nmnber  of  plant 
cl'seases,  are  tlistingnishe.l  by  their  specializerl  sac  (asens)  w  hich  contains 
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tin*  siwual  spoil's  (  Fiir.  8-6).  Fungi  of  the*  Ascomycotos  an*  rosponsihlo  for 
tlie  following  disoasos;  applo  seal),  powdery  mildews,  brown  rot  of  peaelies 

and  plums,  and  hlaek  spot  of  roses. 
The  Hasidiomyeetes,  the  “higher 
fungi,”  prodnee  a  speeialized  se.\- 
nal  spore-forming  strnetnre  ealled 
a  hasidium.  Mushrooms,  the  enl- 
tnre  of  whieh  is  eonsidered  hv 
some  as  part  of  the  hortienltnral 
industry,  belong  to  the  Hasidiomv- 
eetes.  Diseases  caused  by  Basidio- 
mveetes  are  among  the  most  de- 
strneti\e  scourges  of  crop  plants. 
They  are  popularly  ealled  smuts 
and  rusts  because  of  the  appear¬ 
ance  of  masses  of  black  or  red 
colored  spores  on  the  host  plant, 
as  in  onion  smut,  corn  smut,  as¬ 
paragus  rust,  and  cedar-apple  rust.  Some  rusts  require  two  unrelated  plants 
for  the  completion  of  their  life  history.  Thus,  stages  of  the  cedar-apple  lust 
organism  (Gijmnosporan^ium  junipcri-virginiamie)  infect  both  hosts. 

Fungi  are  capable  of  entering  the  plant  by  tbemseb'es,  although  wounds 
and  natural  openings  are  utilized  by  many.  Fungal  disease  is  spread  in  a 
great  number  of  ways.  Spores  are  produced  in  enormous  numbeis  and  ait 
spread  by  w'ater  or  air  currents.  The  pathogen  that  causes  the  apple  scab 
disease  is  capable  of  forcibly  discharging  spores  into  the  air.  Mycelia  grow¬ 
ing  saprophytically  are  a  factor  in  the  spread  of  soil-borne  fungi.  Some  fungi 
are  spread  by  insect  vectors,  as  in  the  Dutch  elm  disease;  others  utilize  in¬ 
sect  wounds  for  access,  as  does  the  fungus  responsible  for  brown  rot  ot 
plums  and  peaches. 

Symptoms  of  fungal  diseases  are  extremely  varied;  all  parts  of  the  plant 
may  be  affected.  Plant-pathogenic  fungi  generally  cause  localized  injury, 
although  some  are  responsible  for  vascular  wilts.  The  presence  of  visible 
(to  tbe  unaided  eve)  forms  of  the  fungus,  as  mycelial  growth,  mas.ses  of 
spores,  or  fruiting  bodies,  are  often  an  integral  part  of  symptom  expression 
and  help  identify  fungal  di.seases  (Fig.  8-7). 


Fig.  8-6.  The  fruiting  body  (perithicid) 
of  Venturia  inaecpialis,  which  causes  the 
apple  scab  disease.  Eight  two-celled 
ascospores  are  contained  in  each  a.scus. 

[Courtesy  S.  Maciejowska.] 


Nematodes 

Ncmulodcs  are  i.o.iseginontod  worms  ( not  to  l.e  coiifosed  witli  sogmenteil 
“earth  worms")  of  tlie  phylom  Nemeta  ( Kig.  h-S).  Ma.iy  species  ot  ne.na- 
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Fig.  S-7  Fnnoal  diseases  of  apple.  (A)  Hitter  rot.  {B)  Cedar  rn.st.  (C)  Botrn- 
osphaeria  rot.  (D)  Black  pox.  (E)  Fly  .speck  and  sooty  blotch.  (F)  Blotch. 
((.)  Bli.ster  spot.  (//)  Powdery  mildeic.  (I)  Scab. 

[Courtesy  E.  G.  Sliarvelle.] 


todos  are  parasitic  on  plants  and  animals,  inclnrling  man;  the  major  iiortion 
lamc'cr,  arc  "ireedir  ing”  in  the  soil  anti  represent  a  large  portion  of  ,|,J 
soil  lamia,  .\ltliongli  tlieir  size  is  macroscopic,  tiles'  are  small  enongli  (  '  - 
m.)  to  lie  generally  incoiispicnoiis.  The  importance  of  nematodes  in  cans- 
ing  plant  disease  is  liecoming  increasingly  apparent. 

The  majorits'  of  nematodes  that  attack  plants  are  soil  home  and  generallv 
hed  on  plant  roots.  They  may  feed  superficially  or  may  he  partialK  tir  com- 
letely  emhedded  in  the  root  tissne.s.  fere  species  of  nematode^  feed  on 
die  aerial  portions  of  the  plant  (for  example,  the  foliar  nematode  of  chrxs- 
“'"'-""ni  and  the  seed-gall  nematode  of  bent  grass).  Some  nema.otles  are 


Kitt.  8-8.  Xcmalo<lc.s  „/  luo  firncm.  rq, /<.™« 
A)  The  swollen  female  of  Meloido^^ijne  (root  knot  nematode).  {B)  /  « 
1. 1  f . I..  ..I  i  stunt  nematode) . 


(... 

ii-ni'in-  like  female  of  Tuk 


LCoiirtrsy  \N.  K.  Mai.  pli<)t<)Krai>h  by  II.  II.  I.yon.] 
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(jiiite  specialized  parasites  and  attack  only  a  few  species 
lia\e  a  wide  liost  range. 

S)inptoins  of  root  injury  are  xariahle.  d  liere  are  two  common  t\pes  of 
nematodes,  d'liose  belonging  to  the 
genus  Meloidogijne  produce  gall¬ 
like  o\’ergrowths  on  roots  ( Fig. 

8-9 )  and  are  known  as  roof  knot 
nematodes.  These  readily  ol)ser\- 
able  symptoms  allow  positixe 
identification  of  nematode  injnrv 
and  are  used  as  a  criteria  in  in¬ 
spection  of  planting  stock.  The  in¬ 
fected  roots  eventually  deteriorate, 
and  may  afford  access  to  other 
bacterial  and  fungal  rots.  The 
tissues,  especially  the  vascular  tis¬ 
sues,  in  the  gall  become  disorgan¬ 
ized;  giant  cells  are  often  formed. 

Thus,  the  above-ground  symptoms  appear  as  drought  injury  (that  is,  exces- 
si^’e  NN-ilting  and  weak,  yellow  gro^^th).  Other  plant-parasitic  nematodes, 
such  as  those  of  the  genus  Prafyicnehus  (meadow  nematodes),  do  not  forni 
galls.  Both  the  root  damage  and  the  above-ground  symptoms  resemble  those 
o  other  root  rots.  Owing  to  the  difficulty  of  recognizing  this  pathogen,  the 
meadow  nematode  may  be  easily  transported  in  infected  planting  stock.  ' 


Fig,  8-9.  Root  knot  lesion  on  niask- 
inelon  as  a  result  of  nematode  infection. 


Artliropods 

Tl,e  phylum  Arlhwpoda  (literally,  “jeintecl  logged”)  i„el„de  the  hnerte- 
>.ate  animals  having  an  external  skeleton;  paired,  j.iinted  limbs;  and  a  seg¬ 
mented,  hilaterallv  syinmetrieal  hod>x  The  Arthmpoda  is  an  ennrmnns 
group,  aiKl  eontains  ahont  75f  of  all  known  animal  species,  of  which  907 
>-l.nig  to  one  order,  the  true  inseets.  Almost  VIKt.OOO  species  of 

tine  insects  are  known,  and  the  estiinatetl  number  of  species  actnillv  exist- 
mg  111  the  world  ranges  from  2-10  million. 

tlie'rwniodr TimT"'  (e.g.  mites)  and 

,1,  ,  ,  P'-ii't  pests.  .Species  of  the 

class  .  r„c/„„d„  hase  fonr  pairs  of  legs,  are  wingless  an.l  d!,  not  ll  w.  . 
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pods  slum  ing  the  main  orders  of  “true  insects”  attacking  plants  is  shown  in 
4  ahle  8-1. 


Table  8-1.  Partial  classification  of  Arthropoda,  including  major  orders  of  insects 
that  attack  jdants. 


e  L  ASS 

E  X  A  M  e  L  E  s 

T  X  P  I  C  A  L 

1.  A  K  \’  A  E 

MOI  TII  PA  HTS 

A  I)  C  LTS 

CHlI.orODA 

(eiitipedes 

DllT.Ol’OD.V 

Millejiedes 

(  HI  ST.VC'EA 

('rayfisli,  lobster 

AKA(  IIXIDA 

S<-orpions,  mites,  ticks. 

spiders 

HFA'AHODA  (IXSE( 

’T.V)  True  insects 

Orders  with 

gradual  metamorphosis 

Orthoptera 

( I  rasshojijiers,  crickets 

chewing 

4'hysanoptera 

Thrij)S 

rasping-sucking 

Ileniiptera 

True  bugs 

piercing-sucking 

Orders  with  complete  metamorphosis 

I  lymenojitera 

Bees,  auts,  wasps 

chewing 

chewing-lai)i)ing 

('oleoi)tera 

Beetles 

chewing 

chewing 

Eepidoj)tera 

Butterflies,  moths 

chewing 

syphoning 

1  )iptera 

'I'wo-winged  Hies  and 

chewing 

piercing-sucking- 

mosciuitos 

sponging 

The  war  ])etween  man  and  tlie  six-legged  creatines  over  crop  plants  is  a 
continnons  one.  The  battle  lines  are  not  clearly  drawn.  For  example,  we  are 
aided  by  the  intense  competition  between  insect  species;  predatory  insects 
must  be  regarded  as  beneficial.  Furthermore,  if  man  were  to  rid  the  earth 
of  all  insects,  he  would  be  the  worse  off,  since  he  depends  upon  insect  spe¬ 
cies  for  the  pollination  of  many  crop  plants. 

Onr  antagonists  have  many  built  in  advantages.  These  include  theii 
small  size,  which  makes  them  dilficnlt  to  find;  their  power  of  flight,  their 
extremely  rapid  rate  of  reproduction,  and  their  specialized  strnctnral  adap¬ 
tations,  which  enable  some  species  to  exist  in  practically  any  location  and 
to  infest  any  plant  species.  In  addition,  the  dix  isions  of  the  life  cycle  of  some 
insects  into  separate  stages  is  an  enormous  adxanlage.  This  complete  meta¬ 
morphosis  permits  specialized  strnctnral  adaptation  for  feeding  and  rejno- 
dnetion.  The  insect’s  life  cycle  consists  of  four  stages:  (1)  egg,  (2)  lana, 
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or  fording  stage,  (3)  )nij)a,  a  (jufescent  stage  in  wliicli  the  lar\a  is  trans¬ 
formed  into  the  adnlt  form  and,  (4)  adult,  or  reprodneti\e  stage.  Other 
insects,  such  as  grasshoj^pers,  ha\  e  a  ^adtial  or  ineoinplete  metamorphosis, 
in  which  the  physical  changes  from  egg  to  adnlt  are  gradual.  The  inter¬ 
mediate  stages  are  known  as  ni/mphs. 

The  lar\'al  stage  of  insects,  w  hich  is  often  the  most  injurions  to  crop  plants, 
often  has  no  ol)\’ions  resemhlance  to  the  adnlt  stage  (for  example,  the  cater- 
jiillar  and  the  butterfly).  Tims,  many  of  the  descriptive  names  (tomato 
hornworm,  apple  maggot)  gixen  to  insect  pests  refer  to  the  larv^al  form.  The 
terms  for  the  larval  stages  of  the  insect  orders  are  not  too  specific.  In  gcmeral, 
the  name  /nr/ggot  refers  to  the  larval  stage  of  Diptera  (flies,  mos(piitos, 
gnats).  Miners  are  Diptera  larvae  that  tunnel  witliin  leaves.  Caterpillars  are 
the  larval  stages  of  the  Lepidoptera  (butterflies  and  moths).  The  term  grub 
is  used  with  reference  to  some  of  the  soil-borne  laixae  of  the  Coleoptera 
(beetles),  although  the  name  is  also  applied  to  any  other  soil-borne 
lanae.  The  larv'ae  of  click  beetles  are  known  as  wireworms.  The  lar\’al 
and  adnlt  forms  of  beetles  that  infest  grains  and  seeds  are  referred  to  as 
weevils.  The  name  slug  is  applied  to  any  slimy  larvae,  specifically  to  larx'ae 
of  the  flxmenoptera  (bees,  ants,  and  w^asps).  They  should  not  be  confused 
with  the  slimy  body  of  snails,  which  belong  to  a  completely  different 
phylum,  and  which  are  also  known  as  slugs.  Borers  are  laiAne,  usually  of 
moths  or  beetles,  that  tunnel  within  roots  or  steins.  The  term  worm  is  also 
used  to  refer  to  insect  larvae,  but  this  is  a  misnomer. 

Insects  (and  mites,  which  we  shall  also  consider  here)  injure  plants  in 
their  attempts  to  secure  food.  The  damage  caused  directly  and  indireetb’ 
hy  insects  is  enormous  and  varied.  It  includes  the  destruction  of  plants  bv 
c  lew  mg  insects,  either  in  toto  or  in  part;  the  spreading  of  other  plant  path¬ 
ogens;  and  the  contamination  of  plant  products  by  the  decomposed  bodies 
or  excreta  of  insects. 

Insfcts  feed  on  plants  in  two  distinct  «avs.  Tliev  eitlier  tear,  bite  or  "lair” 
portions  of  the  plant  (c/ieic/ne  insects)  or  pierce  or  rasp  the  plant  Lnd  sub 

01  sponge  up  the  sap  (sncAing  insects).  Specialized  mouth  parts  are  iin'obed 
m  these  tw'o  basic  feeding  patterns. 

The  cheuing  insects,  adults  or  laiwac,  eat  their  wav  through  the  plant 
nddhng  It  with  holes  and  tunnels  (Fig.  8-10).  Leaf-chewing  in.sects  that’ 

Z  "!  "’"8^’'  I’™*'""-’  «’™P'etelv  skeletonize  the 

arcs;  others  less  selective,  devour  the  entire  plant.  Injurv  due  to  chewing 

nsects  that  feed  externally  is  seldom  confused  w  ith  aiwthing  else  Chewiiie 
msects  that  girdle  the  plant,  and  those  that  feed  internallv  or  oi  ro  ts  -'e 
as  apparent.  The  internal  feeders  gain  entrance  to  the  plant  from "-g; 
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ck'positocl  ill  the*  plant  tissue  or  bv  eating  their  wav  in  soon  after  hc'ing 
hateliecl  on  or  lu'ar  tlie  snrfaei'  ol  the  plant.  These  internal  tet'ders  are  almost 
inipossilile  to  control  once  thev  ha\’e  entered  the  plant.  Control  consists  in 
destroying  them  in  their  external  stages.  The  symptoms  of  the  peach  tree 
borer,  which  may  enter  the  tree  soon  after  liatching,  are  typical  of  the 
symptoms  caused  by  internal  insect  feeders,  namely,  a  w'eakened,  devital¬ 
ized  growth  of  the  tree  and  a  yellowing  of  the  foliage.  gnmmv  exudate 
may  be  obseiN’ed  where  the  borer  has  wounded  the  trunk.  Peach  or  plum 
trees  infested  with  borers  often  die  in  a  few'  years. 


Fig.  8-10.  Insect  damage.  (Left)  Cabbage  loopcr  on  cabbage.  (Right)  Grass¬ 
hopper  on  corn. 

[PhotoKraphs  hy  J.  C.  Allen  &  Son.] 


Injury  by  sucking  insects  (aphids,  scale  insects,  leafhoppers,  and  plant 
bugs)  results  in  a  distinctly  different  type  of  symptom— the  curling,  stunt¬ 
ing,  and  deforming  of  plant  parts,  nsnally  the  stem  teiminals.  Spotting, 
yellow  ing,  and  a  glazed  appearance  of  the  leaves  are  also  common  symp¬ 
toms.  The  small  size  of  red  spider  mites,  w'hich  ha\e  sucking  mouth  paits, 
makes  them  difficult  to  see  without  a  magnifying  glass.  They  are  often  not 
diagnosed  until  they  form  webs  by  w-hich  time  damage  may  be  extremely 

severe. 

.Another  symptom  caused  by  both  chewing  and  sucking  insects  are  over¬ 
growths  called  galls.  These  are  formed  from  the  abnormal  growth  of  plant 
tissue  in  response  to  either  the  feeding  reaction  or  merely  the  presence  of 
the  eggs  deposited  in  the  tissue.  These  galls,  suggestive  of  cancerous 
grow'tlC  may  be  (piite  elaborate  and  structured.  Some  appear  to  do  little 
damage  to  the  plant;  others  oln  ionsly  are  ipiite  injurious. 


Birds,  Bodents,  Deer 

1 

are  consillorod  tlie  greatest  pests.  Birds  may  lu-come  (piite  trmil.leseme  m 


Among  tlie  Ciliordates,  or  hackdioned  animals,  birds,  rodents,  and  deer 
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such  fruit  crops  as  grapes,  liluchcrrics,  and  cherries.  Birds  niav  do  severe 
damage  to  grapes;  ev'en  a  few’  pecked  fruits  permit  the  introduction  of 
insects  and  rot,  which  in  effect  ruins  the  w'hole  cluster. 

Hodents  (mice,  ground  moles,  and  rabbits)  are  among  the  most  serious 
orchard  pests.  They  feed  in  winter  and  early  spring  and  often  completely 
girdle  fruit  trees,  especially  apples.  Unless  prompt  action  is  taken  bv  bridge 
grafting,  even  large  trees  may  be  killed  outriglit.  The  tunnels  of  ground 
moles  can  be  a  real  nuisance  in  law  ns  or  gardens. 

In  aieas  where  they  are  naturally  abundant  or  w’here  their  popidation  is 
unchecked,  deer  may  prove  (|uite  damaging  to  orchard  and  nurserv  stock. 
They  are  most  troublesome  during  the  w'inter,  w  hen  their  natural  brow.se  is 
in  short  supply,  and  when  the  horticulturist’s  vigilance  is  at  its  low’  ebb. 


The  Disease  Ci/ele 

The  disease  cycle  includes  all  the  series  of  se((iiential  changes  of  the 
pathogen  and  the  plant  in  relation  to  the  disease.  It  involves  the  life  cycle 
of  both  the  pathogen  and  the  plant. 


Life  Cycles 

Till-  life  hhhmj  of  an  organism  includes  all  of  the  diverse  forms  and  stages 
through  xvhich  it  passes.  The  life  histor,v  of  higher  organisms,  ineludhr- 
that  ot  man,  is  synonymous  w  ith  the  sexual  c>'ele.  Rather  than  the  seciueiv 
tail  steps  from  ''womh  to  tomh”  it  is  more  correctly  "gametes-fertilized  eg<>- 
ai  n  t-gainetes.  The  life  history  of  lower  organisms  may  be  consideralilv 
more  complex,  and  is  often  made  up  of  a  number  of  continuous  stages  of 
existmiee  called  life  cjcles.  This  may  iiwolve  a  number  of  asexual  excles 
wit  nn  the  sexual  cycle.  In  addition,  many  hiwer  organisms  such  as  bacteria 
do  not  ordinan Iv  pass  through  the  .sexual  stage  but  exist  as  a  single  continu¬ 
ous  form  or  utilize  asexual  spores  exelusisely,  as  in  the  Fungi  Imperfecti 

111  the  temperate  areas  the  life  history  must  adjust  to  th; seasonal  cvcie 
N  ost  pathogens  pass  through  the  w  inter  in  a  stage  of  inactis  its-  or  ilormanes  ' 
Tins  overwintering  stage,  although  usually  specific  for  a  particular  or.r.inisin' 
->>■  be  any  stage  in  the  life  histors.  \\  ith  the  advent  of  spring  tlC  "x’le 
resumes.  1  he  first  cx  cle  initiated  at  this  time  is  know  n  as  the  priwan,  euele 
SnW,,nent  cycles  within  the  tear  are  all  known  as  .econl.n,  l 

nnihei  :"Lr,:t:i:;z.;;;;:i:Zi:;;; 
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Ill  relereiice  to  tlie  disease,  the  cycle  can  be  divided  into  two  phases;  a 
])(ithugemc  phase,  in  which  the  organism  remains  associated  with  tlie  living 
tissues  of  the  particular  plant;  and  an  independent  jdiase  not  associated  with 
the  living  plant,  in  which  the  organism  may  be  saprophytic,  dormant,  or 
pathogenic  to  another  plant.  The  relative  length  of  these  t\\  o  phases  varies 
greatly.  For  example,  the  independent  phase  of  plant  \'iruses  lasts  onlv 
while  thev  are  being  transported  from  plant  to  plant  via  insects.  On  tlie 
other  hand,  the  independent  stage  of  some  pathogens  may  be  very  long. 
Mice  injury  to  orchards,  for  instance,  is  usually  confined  to  brief  periods  in 
late  winter.  Some  fungi,  such  as  Verticdliuni,  live  saprophytically  as  a  natu¬ 
ral  part  of  the  soil  flora  and  become  pathogenic  only  with  the  introduction 
of  a  suitable  host  plant. 


m 


Pathogenic  Phase 

The  pathogenic  phase  may  be  divided  into  the  stages  of  inoculation,  in 
cubation,  and  infection.  Inoculation  consists  in  the  transference  of  some  torn 
of  the  pathogen  (the  inoculum)  to  the  plant.  The  pathogen  may  be  trans¬ 
ferred  under  its  own  power,  as  are  insects,  or  by  some  agent  of  inoculation. 
The  important  \ectors  are  wind,  water,  insects,  and  man.  In  gall  forming 
insects,  the  adult  form  would  be  the  \'ector;  the  egg  would  be  the  inoculum. 
Incubation  includes  all  phenomena  involved  with  the  pathogen  from  the 
time  it  actuallv  enters  the  plant  until  the  plant  reacts  to  the  pathogen — the 
infection  stage.  The  important  stages  with  respect  to  control  are  inoculation 
and  incubation.  By  tbe  time  the  plant  reaches  the  infection  stage,  the  dam¬ 
age  has  been  done. 

It  is  not  possible  to  generalize  on  the  relationship  between  the  pathogenic 
stages  and  the  life  cycle.  For  example,  the  primary  cycle  of  the  fungus 
Venturis  inae(pialis,  which  causes  apple  scab,  is  formed  when  spores 
(ascospores)  are  produced  from  the  sexual  stage,  which  overwinters  on 
leaves  under  the  tree  (the  saprophytic  stage).  The  secondary  cycles  are 
formed  when  asexual  spores  (conidia)  are  produced  from  primary  in¬ 
fection.  The  life  history  of  this  pathogen  unfolds  in  a  single  year  and  con¬ 
tains  several  asexual  cycles  (hig.  8-11). 

The  codling  moth,  wfliich  infests  apple,  pear,  and  several  other  fruits. 

demonstrates  a  different  type  of  pathogenic  cycle.  The  life  history  may 
occur  several  times  within  a  single  year.  The  full  grown  laiA  al  stage  over¬ 
winters  in  silken  cocoons  in  trees  or  on  the  ground;  the  pupal  stage  is 
formed  in  midwinter.  In  the  spring  the  grayish  moths  emerge'  and  lay  their 
c<ras  on  the  upper  side  of  leaves,  twigs,  or  spurs.  The  eggs  hatch  m  fv-J) 
davs  and  the  larvae  chew  their  w  ay  into  the  young  Iriiit.  I  his  is  the  primai> 
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Fig.  S-11.  The  life  histonj  of  the  apple  seal)  fungus,  (Venturia  inaecpialis) . 

[From  Pyenson,  EUmculs  of  Plant  Protection,  Wiley,  New  York.  1951.] 

cycle.  After  becoming  full  grimn  in  3-5  weeks,  the  laiNae  crawl  out  of  the 
apple,  drop  to  the  ground,  and  spin  cocoons.  The  moths  may  emerge  to 
produce  secondary  cycles.  There  may  he  two  or  three  generations,  all  of 
which  may  not  he  complete,  depending  upon  the  latitude. 


Pnncij)les  of  Disease  Control 

“There’s  small  choice  in  rotten  apples.” 

Sll  AKESPF.NHE 

Tlie  st.Kly  of  patliogoTiic  plant  diseasos  in  the  United  States  is  di^•ided 
between  two  disciplines:  plant  pallH,loa,j,  whiel,  deals  with  diseases  of 
ynal,  bacterml,  or  fungal  origin;  and  cniomohfilj.  tile  stndv  of  Artliropotls. 
(-  eniatodes  are  claimed  by  botli,  mice  by  neitiler.)  The  applied  phase  of 
tliese  biological  sciences  is  directed  tou  ard  tlie  control  of  these  plant  pests 

Inlio'mn  ''  it"<l  presenting  the  spread  of  the 

There  are  tsso  approaches  to  the  control  of  pathogenic  plant  diseases. 


Biological  Competition  [C:liap.  8] 

One  is  directed  at  tlie  patliogen  and  iinolxes  the  use  of  technicjiies  that 
l)ie\ent  or  restrict  tlie  patliogen’s  invasion  of  the  plant.  These  techniques 
inteifeie  at  some  point  witli  tlie  suecesstul  completion  of  some  stage  in 
the  disease  cycle.  The  other  approach  is  directed  toward  the  plant’s  ability 
to  resist  or  at  least  tolerate  the  intrusion  of  the  pathogen.  It  should  he 
obx  ions  that  both  methods  of  control  depend  upon  an  intimate  knowledge 
of  the  disease'  cede.  To  sncct'ssfullv  control  some'  disease's,  main’  eliffe'rent 
me'thoels  must  be'  utilize'd;  e'ffe'ctiee'  ceintrol  rc'(|uire's  e'xpe'iie'uce',  \  i<4ilance', 
anel  persistence. 

The  economic  \'alue  of  pest  contreil  is  the  aelelitional  benefit  obtaineel 
by  the  ceintrol  measure  less  the  cost  of  the  control.  Preelicting  the  econeimic 
benefits  eif  any  contreil  measure  is  particularly  hazareleius,  because  contreil, 
to  be  of  value,  must  usually  be  applieel  in  anticipation  of  the  pest.  Thus, 
many  control  measures  can  be  thought  eif  as  a  form  of  elisaster  insurance. 
In  agriculture,  expensiee  methoels  of  pest  control  are  only  feasible  with 
high-\alue  crops.  Conseejuently,  horticulture  bears  a  elisproportionate  share 
of  the  cost  of  pest  control. 

Legal  Control 

The  separation  of  the  pathogen  anel  the  plant  may  be  accoinplisheel  by 
legal  methods.  For  example,  quarantines,  which  preihibit  the  importation  of 
certain  plants,  inav  effectively  eliminate  or  at  least  slow  elown  the  intro 
eluction  of  new  pests  harbeireel  therein.  Where  this  is  not  feasible  eir  practi¬ 
cal,  subjecting  plant  shipments  to  inspection  helps  to  prevent  the  spread 
of  some  pests. 


Cultural  Control 

A  number  of  techni(jues  may  be  employed  to  reduce  the  effective  popu¬ 
lation  level  of  the  pathogen.  These  include  the  elimination  of  diseased 
plants  or  seeds  (rogt/t/tg);  the  removal  of  infected  parts  of  the  plant 
{ siiracrij) or  the  renio\  al  of  plant  debris,  which  may  harbor  some  stage 
of  the  pathogen  (sanitatioti) .  Cultural  practices  that  alternate  plants  un¬ 
acceptable  to  the  pathogen  (rotation)  may  effecti\ely  starve  out  the  patho- 
gen. 

The  effective  population  of  the  pathogen  may  be  reduced  by  any  methotl 
that  renders  the  en\ironment  unfavorable  to  build  up  of  the  pathogen, 
such  as  draining  land  to  discourage  water-loving  fungi,  pruning  to  reduce 
foliage  density  and  to  increase  the  rate  of  drying,  and  varying  temperature 
and  humidity  conditions  in  the  greenhouse. 
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Physical  Control 

W’lien  individual  plants  are  xaluahle  enough  to  warrant  the  exj)ense, 
physical  liarriers  may  he  einplo\’ed  to  protect  the  plant  from  larger  pc'sts. 
(Such  harriers  may  also  he  effective  in  controlling  microscopic  pathogens, 
w  here  insects  are  the  important  \’eetors. )  Examples  are  screening  to  keep 
out  insects  or  birds,  guards  to  protect  trunks  of  apple  trees  from  mice 
injury,  and  the  traditional  garden  fence  to  keep  out  rabbits.  In  Japan, 
developing  pears  are  sometimes  enclosed  individually  in  silken  bags  to 
protect  them  from  insect  injinx’. 

Physical  methods  may  be  used  to  selectively  eliminate  certain  pathogens 
01  to  pioteet  the  plant  against  the  intrusion  of  the  pathogen.  This  reijuires 
the  use  of  teelmiijues  that  are  differentially  effective  in  destroying  or  re¬ 
pulsing  the  pathogen  but  will  not  damage  the  plant.  An  example  of  such 
a  method  is  the  use  of  heat.  Hot  w^ater  (110-122°F  for  5-25  min)  is  used 
as  a  treatment  for  destroying  seed-  or  bulb-borne  pathogens,  flot  water 
treatment  is  used  to  control  some  fungal  diseases  of  grains,  a  bacterial 
disease  ( black  rot )  of  crucifers,  and  has  been  used  for  nematode  control 
with  dormant  strawberry  plants.  Heat  treating  strawberry  plants  has  also 
been  effective  in  inactivating  some  viruses.  Steaming  of  potting  soils  is  a 
common  control  for  many  soil  pests. 

The  action  of  a  strong  stream  of  water  (syringing)  has  some  xalue  in 
1  educing  the  infestation  of  spider  mites  in  home  or  greenhouse  plantings. 
The  use  of  firecrackers  or  noisemakers  to  discourage  birds  from  small  fruit 
plantations  is  successful  to  a  limited  extent,  although  often  no  more  effec¬ 
tive  than  the  old-fashioned  scarecrow\  In  many  areas,  however,  these  are 
subject  to  antinoise  ordinances. 

I  raps  may  also  be  used  to  eoutrol  tbe  pathogen  population.  .Snlistances 
to  lure  the  pest  {attractants)  are  incorporated  in  the  trap.  A  recent  ex- 
ample  is  tlie  use  of  lilacklight”  ( liglit  of  wavelengths  between  .3d(l()-.3SOO 
A )  to  attract  insects  to  the  trap,  svhere  they  are  killeil  In-  some  toxic  so- 
"tmn  or  by  rotating  fan  blades.  Tbe  use  of  traps  is  genenillv  not  effieient 
tor  mice  but  has  proved  successful  for  ralibits  in  limited  areas'. 

Clic'inical  Control 

The  concmitration  of  tbe  horticultural  intlustry  has  resultetl  in  the  con- 
ceiitration  o  plant  pests.  As  a  result  the  entire  industrv  is  now  almost 
tompletely  dependent  upon  the  use  of  chemieal  control  (  Fiu  .S-pa) 

■nereial  growers  of  praetically  all  horticultural  crops  rei;' on  ci,  ll: 
schedules  of  chemieal  application  and  utilize  many  different  compounds. 
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Tlie  agricultural  cheiuical  industry  is  a  vigorous  one  and  new  materials 
are  continuallv  hein^  released. 

«  O 
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F'ig.  8-12.  Control  of  suniincr  diseases  of 
apple  with  fungieide  applieation.  Fruits 
on  ri^ht  received  no  spray  and  show  a 
number  of  summer  diseases,  including 
Brooks  spot,  black  pox,  and  sooty  blotch. 
Fruit  on  left  received  full  season  captan 
s})rays. 

[C^oiirtosy  J.  K.  Shay.] 


BiOLOGic.AL  ACTION  OF  CHEMICALS.  Fcsticule  is  the  generic  name  for  all 
chemicals  that  control  plant  pests.  Pesticides,  as  the  name  infers,  are  usu- 

allv  toxic  to  some  stage  of  the 
plant  pe.st.  (Repellants  are  com¬ 
pounds  that  may  not  be  acti\’ely 
poisonous  but  make  the  crop  plant 
unattractive  to  animal  predators 
by  virtue  of  tlieir  odor,  taste,  or 
other  physical  properties.  They 
are  included  under  the  legal  def¬ 
inition  of  pesticide.)  Pesticides 
are  classed  according  to  the  organ¬ 
ism  they  control;  for  example,  bac¬ 
tericide,  fungicide,  nematicide, 
miticide,  insecticide,  rodenticide. 
(Herbicides,  chemicals  which  kill 
plants,  will  be  discussed  under 
weed  control,  later  in  this  chapter.) 
Pesticides  are  generally  selective  in  tlieir  action.  Tiros,  chemicals  that 
are  fungicidal  are  usnally  not  insecticidal.  But  there  are  exceptions;  for 
example,  Bordeaux  mixture  (  lOd  gal  water;  10  Ih  hydraterl  lime;  6  ll>  cop¬ 
per  s.dfate),  which  is  primarily  fungicidal,  has  some  value  as  an  insect 
repellant.  Pesticides  that  are  toxic  to  a  hroad  spectrum  of  orgamsms,  ni- 
chiding  the  crop,  must  he  used  in  the  absence  of  the  plant,  as  m  soil  pre- 

idanting  treatments.  . 

It  should  be  re-emphasiz.'d  that  pesticides  are  not  necessarily  toxic  to 

all  stages  of  a  particular  pathogen,  nor  is  this  necessary.  U.snally  a  particu¬ 
lar  stage  of  the  life  cvcie  is  especially  vulnerable  to  chemical  attack.  This 
“weak'link”  mav  be  a  germinating  fungal  spore,  the  young  larval  stage 
of  insects,  or  the  insect  vector  of  a  virus  disease.  For  example  it  is  iniie  i 
,„ore  dilficult  to  kill  ftiiigi  after  they  have  extensive  y  entered  the  pla 
However,  materials  that  will  kill  or  prevent  spores  from  germinating 
the  plant  mav  prevent  further  inoculation  and,  in  effect,  control  the  dise.lse. 

pisticides  are  classifiral  as  .sry.stcnnc.s  or  „o„.s,,slc,nics.  S|,.s/cnnc.s  are  ac  - 
.,||v  absorlxal  bv  the  plant,  and  may  be  translocated  witlini  the  pla 
.  ,  ng  the  plant  itself  toxic  to  the  pathogen.  Svsteniics  nni.s,  of  corns 
l.e  restrii-d  in  their  use  to  iionerlible  plants  unless  they  break  dow  n  within 
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tlu‘  j)lant  before  consumption.  Mncli  inort*  common  are  tlie  nonsi/stefiiics, 
wliicli  merely  coat  the  plant  with  a  substance'  toxic  to  some  stage  of  tbe 
jxithogen.  This  distinction  between  si/steniies  and  nonsijstcniics  is  not  clear- 
cut,  howexer;  many  compounds  whose  main  action  is  on  the  surface  of 
the  plant  may  be  absorbed  to  some  degree. 

Insecticides  are  classified  bv  their  action  as  stomach  poisons  or  contact 
poisons.  Stomach  poisons  are  usually  used  against  chewdng  insect  forms. 
The  poison  is  ingested  by  the  insect  through  the  mouth  into  the  stomach, 
w'here  it  causes  the  death  of  the  insect.  Since  sucking  insects  are  internal 
feeders,  they  are  usually  not  affected  by  stomach  poisons.  They  are  con¬ 
trolled  by  contact  poisons  w  hich  kill  by  penetrating  the  insect  body  directly 
or  through  breathing  or  sensory  pores. 

A  great  number  of  compounds,  both  organic  and  inorganic,  are  used  to 
kill  plant  pests.  The  inorganic  materials  are  usually  metallic  salts  of  such 
metals  as  copper,  mercury,  lead,  and  arsenic.  A  few'  of  the  organic  com¬ 
pounds  occur  naturally,  such  as  nicotine,  pyrethrum,  and  rotenone.  How'- 
ever,  most  of  the  present-day  organic  compounds  are  now'  completely 
synthetic,  as  are  DDT,  the  organic  phosphates,  the  organic  mercury  com¬ 
pounds.  list  of  some  of  the  important  pesticides  is  presented  in  Table  8-2. 


APPLICATION  OF  PESTICIDES.  Chemicals  are  applied  to  plants  in  a  num¬ 
ber  of  formulations  of  the  li(|uid,  solid,  or  gaseous  state,  and  con.seipientlv 
b\'  a  xariety  of  methods.  The  aim  is  to  obtain  uniform  coxerage  at  a  con¬ 
trolled  rate.  For  highly  active  compounds  the  rate  of  application  of  the 
active  ingredient  may  be  extremely  loxv,  thus  it  is  difficult  to  maintain 
adecpiate  cox'erage  xvithout  special  e(|uipment. 

It  is  seldom  practical  to  apply  chemicals  in  their  undiluted  form.  Conse- 
(luently  their  distribution  is  carried  out  by  the  use  of  an  inert  carrier. 
The  carrier  may  be  a  solid,  such  as  talc,  in  xvhich  case  the  material  is 
applied  as  a  dust.  Dusts  have  the  advantage  of  lightness,  but  there  is  some 
(piestion  as  to  the  persistence  of  the  material.  Moreover,  some  materials 
(for  example,  oils)  cannot  be  applied  in  this  manner. 

The  disadvantages  of  dusts  are  overcome  by  tbe  use  of  a  licpiid  carrier, 
usually  water,  in  xvhich  the  chemical  is  dissolved,  suspended,  or  emulsified! 
The  material  is  applied  by  pre.ssure  in  droplets  of  various  sizes  (Fig  8-13) 
but  usually  in  the  form  of  a  spray  (Fig.  8-14).  The  disadxantages  of  snrav- 
mg  le  in  the  bulk  and  weight  of  the  water  carrier.  The  trend  in  spravina 

IS,  therefore,  to  use  high  concentrations  of  the  active  material  and  ach'iexe 
dispersion  by  a  blast  of  air  (Fig.  8-15) 

An.,.lH.r  <li(ficnlty  found  in  using  a  wafer  carrier  is  tl.a,  plant  surfaces. 
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Fable  8-2.  Chissificalio)i  of  some  important  pesticides  (excluding  herbicides)  hii 
chonical  contj)ositio)i. 


(■L.\SS  OF  MATKUl.M. 

SFKeiKie  KXA.MFl.K 

MA.IOK  TVl'K  OF 

ACT  1  ON 

Iiiorgaiiic 

ars(>iiic 

lead  arsenate 

insecticide 

eo|)i)('  r 

coi)per  sidfate 

fungicide,  bactericide 

inercuiy 

mercuric  chloride 

fungicide,  bactericide 

sulfur 

lime  sulfur 

fungicide 

( )rgauic 

Naturally  (x-curriug 

antibiotics 

streptomycin 

bactericide 

iiicotiiic 

nicotine  sulfate 

insecticide 

pyrctliruin 

insecticide 

rotcMiouc 

insecticide 

Syntlu't  ic 

carbaiuatcs 

ferbam 

fungicide 

Sevin 

insect  iciile 

chlorinated-hydrocarbons 

DDT 

insecticide 

mercury  compounds 

('eresan,  Semesan 

fungicide,  bactericide 

])hosphates 

malathion 

insecticide,  miticide 

j)hthalimides 

captan.  i)haltan 

fungicitle 

pyrethrins 

insecti<-ide 

since  tliey  are  lieavily  eutinized,  are  “water  repellant,”  causing  tlie  spray 
to  form  droplets  instead  of  a  eontinuons  film.  As  a  result,  the  deposited 
eliemieals  are  irregularly  dispersed.  This  may  be  ov'eicome  by  tbe  use  of 
iccttinn  agents — snrfacc-aetive  chemicals  that  break  tbe  surface  tension. 
Other  additives  known  as  stickers  improve  tbe  retention  and  persistence  of 
tbe  ebemieal  application. 


Fig.  8-13.  The  drop-size  spectrum. 
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Fig.  S-14.  Applications  of  fungicides  to  tomatoes  with  a  hoom-type  sprayer. 

IPlKitogruph  by  J.  C.  Allen  &  Son.] 


X’olatile  substances  tliat  are  pestieiclal  in  tlie  gaseous  state  are  known  as 
fnniiuants.  Some  substances  applied  as  sprays  or  dusts  mav  also  be  used 
as  fumigants;  for  example,  nicotine  sulfate  may  either  be  applied  as  a 
spray  or  volatilized  and  applied  as  a  fumigant.  Fumigants  are,  as  a  rule, 
extremely  toxic  to  all  life,  and  the 
problem  in  their  use  is  to  obtain 
selectixity.  Thus,  fumigants  have 
been  widely  used  in  the  absence 
of  plants  to  control  soil  pests.  The 
u.se  of  fumigants  for  edible  horti 
cultural  products  is  unacceptable, 
howex  er,  owing  to  the  residue  prob¬ 
lem. 

Fumigants  may  be  stored  under 
pressure  as  a  li(|uid,  or  stored  as 
a  solid  to  be  volatilized  b\'  beat. 

Such  substances  as  paradicbloro- 
benzene  (mothballs)  sublimate, 
and  are  applied  as  a  solid.  Soil  fu¬ 
migants  are  now  being  synthesized 

that  will  x-olatilize  when  wet,  and  the.se  may  be  applied  to  the  soil 
lar  form.  Increasing  in  importance  for  enelosed  areas  such  as  greenhouses 
are  aerosol  bombs,  from  xxhich  the  toxic  chemical  is  dispensed  bx'  means 
of  a  gasecnis  carrier.  In  /ogg/,ig,  the  active  ingredient  is  dispersed'bv  heat 
volatilization  in  kerosene  or  some  other  petroleum  oil. 


Fig.  S-1.5.  Orchard  speed  sprayers  use 
a  blast  of  air  as  a  carrier  for  hi^h  con¬ 
centrate  sprays. 

[(.()iirti'.sy  F4U111  E<niipnu'nt  lust.] 


in  granu- 


01.  ciiKMiCAi,  CO.NTIU,,..  AltlionfrI,  tlicmicals  liav, 
minislK'd  till-  pTohln.is  cf  p<.,t  control,  tlu-v  liave  by  no  means  s 
•nrtlicrinorc,  the  use  of  chemical  control  imposes  man\'  new  p 
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1.  Residues  on  edible  produets.  Severe  restrictioiis  are  imposed  upon  the 
use  of  chemicals  in  order  to  avoid  health  hazards.  Risks  cannot  he  tolerated. 
1  he  (piantitative  determination  of  residue,  and  the  determination  of  limits 
of  safety  for  the  operator,  as  well  as  for  the  consumer,  must  be  established 
for  each  chemical  by  the  manufacturer.  The  controversy  over  residues  in¬ 
volves  the  (piestion  of  potential  health  hazards  by  minute  (piantities  of 
chemicals  that  are  to.xic  at  higher  dose  levels.  The  solution  to  the  problem 
consists  in  choosing  pesticides  that  break  dowm  before  consumption  or  are 
metabolized  harmlessly  by  the  body,  and  in  timing  their  application  such 
that  residues  may  be  eliminated  entirely.  Some  chemicals  leave  soil  residues 
that  may  interfere  with  subsequent  plant  growth. 

2.  The  technieal  problems  of  application.  The  timing  of  application  must 
be  extremely  precise  with  regard  to  the  effectiveness  of  treatment  as  well 
as  the  elimination  of  residues.  Usuallv'  the  pesticide  must  be  applied  before 
the  trouble  appears;  once  the  s\’mptoms  are  obvious,  it  is  often  too  late  for 
control.  Thoroughness  of  application  in  tree  crops  often  necessitates  special 
pruning  procedures.  Due  to  chemical  reactions  that  occur  between  certain 
chemicals,  compatibilities  must  be  taken  into  consideration  when  more 
than  one  pesticide  is  applied. 

3.  Sprat/  injun/  to  the  jdant.  Care  must  be  taken  to  insure  that  the  cure 
is  not  more  injurious  than  the  disease.  Spray  injury  can  reduce  yield  as 
well  as  spoil  the  appearance  or  “finish”  of  the  product.  Some  of  the  russetting 
injury  on  fruit  can  be  traced  to  cuticle  damage  by  pesticides. 

4:  The  development  of  genetic  resistance  by  the  pathogen.  The  pathogen 
is  not  a  static  factor.  Natural  variation  among  pathogens  produces  types 
that  mav  be  resistant  to  the  pesticide.  Because  of  the  enormous  rate  of  re¬ 
production  of  many  pathogens,  the  pesticides  act  as  a  screening  device  for 
the  .selection  of  resistant  types.  When  DDT  was  introduced  in  the  ItWO's 
many  entomologists  had  hopes  of  victory  in  the  war  against  insects.  Within 
10  vears,  however,  moscjuitos,  house  flies,  and  many  other  insects  had  de¬ 
veloped  a  resistance  to  DDT. 

5.  The  disturbance  of  the  biological  balance.  When  one  pesticide  is  u.sed 
in  place  of  another,  pests  that  formerly  appeared  to  cause  little  damage  mav 
begin  to  assume  major  importance.  Apparently,  sucb  pests  were  controlled 
bv  tbe  former  pesticide  but  not  by  tbe  new  one.  For  example,  the  older 
methods  for  controlling  apple  scab  utilized  lime  sulfui,  which  was  also  tf- 
fective  against  jmvvderv  mildew.  But  becau.se  of  its  adver.se  effect  on  fiuit 
finisb,  lime  sulfur  was  replaced  by  organic  fungicides.  Although  these 
fungiddes  have  proven  very  satisfactory  for  scab  control,  their  use  has  re- 
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suited  ill  severe  oiitlireaks  of  mildew,  ^^■hicll  lia\'e  necessitated 
control  measures. 


additional 


Hiologicul  Control 

Hugs  ha\'e  little  bugs 
that  bite  ’em 

.\iid  these  ha\e  other  hugs 
ad-iiifiiiitum. 


Biological  control  utilizes  direct  competition  hetueen  organisms.  Certain 


insects  feed  on  other  insects  (Fig. 
diseases  of  insects,  and  there  are 
\  irus  diseases  of  bacteria.  This  com¬ 
petition  between  organisms  may 
he  directed  toward  the  control  of 
plant  pests  hv  the  introduction  of 
a  natural  parasite  or  predator  of 
the  pathogen.  A  recent  example  is 
the  use  of  spores  of  Bacillus  thu- 
rinoicnsis,  a  natural  pathogen  of 
caterpillars,  as  a  sprav  material. 

An  example  of  successful  bio¬ 
logical  control  is  the  introduction 
of  the  vedalia  beetle  into  Cali¬ 
fornia  from  Australia  bv  Albert 
Koebele  in  1888.  This  beetle 
feeds  upon  the  eggs  and  larvae  of 
the  cottony-cushion  scale,  a  serious 
insect  pest  of  citrus.  This  beetle 
successfully  controlled  the  scale 
until  the  use  of  DDT  became  pre\  - 
alent  in  the  late  1940’s.  The  injury 
to  the  \edalia  beetle,  apparenth- 
caused  by  the  DDT,  upset  the  bio¬ 
logical  balance  and  resulted  in 
the  first  outbreaks  of  cottonv- 
cushion  scale  since  1890. 

Biological  control  recjuires  an 
organized  attack  on  a  patliogen. 


8-16).  In  addition,  there  are  bacterial 


Fig.  8-16.  Insects  parasitize  other  iti- 
sects.  (Above)  Cocoons  of  the  Braconid 
parasites  enier^ing^  from  the  hodij  of  a 
tomato  hornworm.  The  cocoons  contain 
the  pupal  stage  of  a  parasitic  leasp  that 
lays  its  eggs  on  the  body  of  the  horn- 
worm.  (Below)  The  potato  beetle  killer 
attacking  larva  of  the  Mexican  bean 
beetle. 

[I’hotoRraph  by  J.  C.  Allen  &  Son.] 


The  use  of  biological  control  by  indi\  idual  growers  bv  encouraging  or  im- 

porting  insect  predators,  sncli  as  tile  "praying  mantis,"  lias  at  best  onK-  a  s  eiv 
limited  success. 
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The  acKaiitage  of  biological  control  is  that,  once  put  into  cllcct,  it  ap¬ 
pears  to  take  place  without  the  infhience  of  man.  However,  the  biological 
balance'  is  often  more  apparent  than  real.  The  upsetting  of  this  delicate 
balance,  as  by  random  en\  ironmental  flnctnations,  is  a  perfectly  natural 
phenomenon.  Commercial  horticulture,  which  by  its  nature  disturbs  the 
natural  biological  pattern,  cannot  afford  the  risk  inherent  in  biological  con¬ 
trol  and  at  present  depends  upon  chemical  control  as  its  main  weapon 
against  plant  pests.  Biological  control,  however,  is  an  attractixe  measure, 
and  one  that  is  being  given  increasing  attention. 

The  control  of  tfie  screwworm,  a  severe  pest  of  livestock,  by  utilizing 
artificially  reared  insects  made  sterile  by  being  exposed  to  atomic  radiation, 
has  opened  up  a  new  approach  to  biologic  control.  Normal  females  are 
“monogamous”  and  mate  only  once.  When  mated  to  an  irradiated  male  thev 
will  produce  only  sterile  eggs.  The  basis  of  the  control  is  the  relatixelv 
low  population  of  reproductixe  adults  during  the  xxinter.  If  the  number 
of  irradiated  sterile  males  released  continuallv  outnumber  normal  males 
the  number  of  fertile  eggs  xvill  continuallv  decrease.  (This  xvill  be  the 
case  regardless  of  the  mating  habits  of  the  female.)  The  greater  the  pro¬ 
portion  of  irradiated  males  oxer  normal  males,  the  faster  xvill  be  the  eon- 
trol.  The  snecess  of  this  program  suggests  its  use  as  a  method  for  control¬ 
ling  plant-attacking  insects. 


Physiological  Alteration  of  the  Host 


Plants  do  not  have  an  antibody  mechanism  that  can  be  utilized  to  resist 
disease,  as  do  animals.  Thus,  they  cannot  be  made  immune  by  vaccines. 
Hoxxever,  the  phvsiologv  of  the  plant  can  be  altered  to  affect  the  plant’s 
abilitx-  to  either  resist  invasion  by  the  pathogen  or  to  ox’ercome  the  dele¬ 
terious  affects  of  the  pathogen.  For  example,  many  xascular  xxilts  caused 
bv  the  fungus  Vcrticillum  aJbo  atnim  (for  example,  Verticillum  xvilt  of 
maple)  can  be  compensated  for  by  xigorous  groxvth  of  the  plant.  Ap¬ 
plications  of  fertilizer  to  increase  x  igor  causes  the  plant  literally  to  outgroxv 
the  pathogen.  The  rex'erse  technicpie  is  utilized  in  fireblight  of  pears.  In¬ 
fection  and  groxvth  of  the  bacterium  causing  the  disease  is  extremely  rapid 


in  fast-groxxing,  succulent  shoots.  One  method  of  control  is  achiex'ed  bx 
sloxving  doxvn  rapid  groxvth  of  the  tree  by  eliminating  excessixe  nitrogen 
fertilization  or  extensixe  pruning.  The  direct  action  of  inorganic  nutrients 
gixes  protection  in  some  instances.  For  example,  clubroot  of  cabbage  ap¬ 
pears  to  diminish  in  sexerity  xvhen  the  ratio  of  calcium  to  pota.ssinm  in  the 
soil  is  decreased.  The  affect  of  xarious  levels  of  nutrients  on  disease  re¬ 
sistance  has  not  been  intensively  inxestigated. 


Competition  Between  Crop  and  Weed 
Cienetic  Alteration  of  the  Host 
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Fig.  8-17.  Resistance  of  tomato  to  Fn- 
sarinm  wilt.  The  plot  in  the  center  i.s 
Indiana  Baltimore,  a  .susceptible  variety. 
The  plots  on  either  .side  are  wilt-resistant 
varieties. 

[Courtesy  Purdue  Univ.] 


1  lie  innate  al)ilit\'  ol  (lu*  plant  tn  avoid  (he  injnrions  effects  of  the  patho¬ 
gen  is  the  ideal  method  of  control  (Fig.  8-17).  Tin's  nenetic  re.si.stancc  v’aries 
from  complete  absence  of  injury  (immunity)  through  various  degrees  of 
partial  re.sistance.  The  lack  of  re¬ 
sistance  is  referred  to  as  .suseepti- 
J)ility.  Tolerance  is  a  tvpe  of  re¬ 
sistance  in  which  the  plant  suffers 
infection  and  some  injurv,  but  is 
able  to  live  with  it. 

Examples  of  plant  resistance  to 
viruses,  bacteria,  fungi,  nematodes, 
and  insects  are  known.  The  nature 
of  plant  resistance  lies  in  the  struc¬ 
tural  alterations  or  biochemical 
effects  that  either  prevent  or  dis¬ 
courage  intrusion  and  persistence 

of  the  particular  pathogen.  Some  plants  have  resistance  to  whole  groups  of 
pathogens;  others  have  only  a  specific  resistance  to  a  particular  species,  or 
race,  of  pathogen.  Where  pathogen  and  plant  are  closelv  adapted  to  each 
other  a  close  relationship  exist  between  the  genetic  resistance  of  the  plant 
anc  the  genetic  ability  of  the  organism  to  violate  or  overcome  this  resistance 
The  spontaneons  origin  of  new  races  of  the  pathogen  is  one  of  the  major 

pioblems  the  plant  Ivreeder  faces  in  attempting  to  incorporate  genetic  resist¬ 
ance  into  an  improv  ement  program. 

Tlie  combination  of  resistance  and  Irorticnlfural  qualits-  is  one  of  tbe 
ma,n  ohjeetbes  of  tl.e  plant  breeder  (see  C.'hapter  10).  Resistance  mav  l,e 

g  a  ted  components,  ,n  part  of  tl,e  plant.  Thus,  resistance  to  root  pests, 

f  an  aplns-reststant  rootstock.  Similarly,  firebligbt-snsceptible  varieties  o 
pear  are  often  grafted  to  a  fra,ne«„rk  of  tbe  resistant  Old  Home  sarietx- 
Tins  prevents  an  infected  li.nb  from  elestros  ing  tbe  «  bole  tree. 

co.mrktitiox  bktwkkn  chop  and  weed 

Wee  (I.s  (IS  Pe.sts 

,is  IZ!,..:!?- 1’'-’'  "-‘'t  -  ondesirable.  Accortling 


1.1  •  If...  /  iJitii  IN  UllClOSl 

tl..s  elefnnt.on,  any  crop  plant  that  is  out  of  place  mas. 


y  be  termed  a  weed. 
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More  typically,  howexer,  the  term  refers  to  certain  natiiralK'  occurring 
aggressixe  plants  that  are  injurious  to  man  and  his  agriculture.  The  clegrt'e 
of  “nndesirabilitv”  of  indixidual  species  xaries  greatly.  Extremely  noxious 
weeds,  if  left  unchecked,  may  completely  dominate  crop  plants.  Chop  losses 
are  usually  a  result  of  competition  for  light,  water,  and  mineral  nutrients. 
W'eeds  are  also  indirectly  responsible  for  crop  losses  in  that  they  harbor 
other  plant  pests  (for  example,  yiruses,  fungi,  insects).  In  addition,  weeds 
may  lower  the  cpiality  and  economic  yalne  of  crops.  .\  horticultural  ex¬ 
ample  is  the  lowered  cjuality  of  peppermint  oil  when  the  crop  is  con¬ 
taminated  with  weeds.  Because  of  their  rank  growth  and  unsightliness, 
weeds  are  a  perpetual  nuisance  in  turf.  They  represent  a  safety  hazard  on 
roadside  and  railroad  right-of-w'ays,  and  they  often  clog  irrigation  ditches 
and  streams.  Finally,  poisonous  w^eeds  (poison  iyy,  white  snake  root)  di¬ 
rectly  affect  the  health  and  comfort  of  man  and  liyestock;  the  pollen  of 
plants  such  as  ragweed  is  a  source  of  misery  to  the  millions  who  suffer  from 
"hayfeyer.”  The  annual  cost  of  w'eed  control  in  the  United  States  exceeds 
the  combined  losses  from  all  other  types  of  plant  pest.  The  fierce  compe¬ 
tition  offered  by  certain  weeds  is  due  to  a  combination  of  their  prolific 
reproductiye  capacitx'  and  yigorous,  exuberant  growth. 


Reproductive  Capacity  of  Weeds 

In  general,  the  destructiye  powder  of  w^eeds  is  due  to  their  sheer  number. 
Some  weeds  produce  seeds  in  enormous  (piantity.  Weed  species  differ 
greatly,  however,  in  terms  of  the  number  of  seeds  they  produce;  a  single 
plant  of  the  wild  oat  produces  about  250  seeds,  whereas  a  plant  of  the 
tumbling  pigweed  produces  several  million.  One  study  of  181  perennial, 
biennial,  and  annual  weed  species  reports  an  average  of  oxer  2(),()0()  seeds 
per  plant. 

The  seeds  of  certain  xveed  species  have  become  structurally  adapted  to 
dispersal  bv  xxind,  xvater,  or  animals.  For  example,  many  xveeds  have  hard 
seed  coats  and  remain  viable  xvhen  pas.sed  through  the  digestive  tract  of 
animals.  Man  has  become  one  of  the  chief  disseminators  of  xveeds  through 
the  shipment  of  crop  seeds  and  plants.  Most  of  the  noxious  weed  species 
in  North  America  are  natixe  to  other  parts  of  the  xxoiid. 

The  large  number  of  seeds  and  their  efficient  dispersal  only  partly  ex¬ 
plain  the  high  reproductive  capacity  of  xveeds.  (  Many  crop  plants  are  also 
prolific  seed  producers,  yet  xvill  not  become  xveed-like.)  The  high  repro- 
dnctixe  capacity  of  xveecis  is  particularly  effective  b(*cause  of  the  extended 
seed  xiabilitv  coupled  xvith  delayed  germination  brought  about  by  dor¬ 
mancy.  The  failure  of  a  xxeed  seed  to  germinate  may  be  due  to  natural  or 
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indueed  donnancij.  Natural  dormancy  was  discussed  in  Cliapter  5.  Induced 
dormancy  is  brought  about  by  emironmental  conditions  tliat  limit  germi¬ 
nation.  Seeds  buried  deep  in  the  soil  by  tillage  mav  lack  either  sufficient 
o.vygen  or  the  light  stimulus  necessary  for  germination.  The  viability  of 
weed  seed  buried  in  the  soil  may  be  e.xtremelv  long  in  contrast  to  the 
relatively  brief  viability  of  most  crop  plants.  In  the  eightieth  year  of  an  ex¬ 


periment  on  buried  weed  seeds— a  study  started  in  1879  by  Professor  W.  j. 
Beal  at  Michigan  Agricultural  College — three  species,  ev'ening  primrose 
(Oenothera  biennis),  curly  dark  (Rin)wx  crispus),  and  moth  mullein  (Ver- 
hascion  J)lattana)  had  survivors  as  viable  seed.  Ov'er  half  of  the  tvv^enty  vv'eed 
species  in  the  experiment  had  survivors  after  twenty-five  years. 

1  he  combination  of  dormancy,  extensive  seed  vial)ilitv,  and  high  seed 
production  makes  weed  control  exceedingly  difficult.  If  weed  seeds  would 
all  germinate  at  once,  their  control  might  be  accomplished  by  a  rigorous 
and  intensive  eradication  program.  The  heavy  w'eed  seed  population  of 

agiicultural  soils  makes  weed  control  a  continuing  and  integral  part  of  crop 
culture.  ^ 

Many  weeds  reproduce  vegetatively  as  vv'ell  as  by  seed.  Some  of  the 
most  pernicious  vv^eeds  reproduce  in  this  way:  Johnson  grass  and  (piack 
grass,  by  rhizomes;  wild  morning  glory,  by  roots;  and  wild  garlic,  bv 
bulblets.  \  egetative  reproduction,  by  underground  stem  modifications  or 
by  roots,  makes  control  by  cultivation  particularly  difficult. 


eecl  Growth 


1  l.e  competition  l,etween  ceeecl  and  crop  advorselv  affects  l,otl.  plants 

ly  seeeds  nsnally  win  ont  over  the  crop  plants.  '  However,  the  e.xact’ 

pi>.siolog,cal  basis  of  the  grouth  adsantages  that  enable  xveeds  to  do  this 

IS  not  clear,  .^mong  the  grou  th  characteristics  that  explain  the  competitis  e 

.  n  Ity  of  ceitain  weeils  are  rapiil  germination,  rapid  seedling  gross  th  and 

a  niot  systcmi  that  is  .leeply  penetrating  s  et  fibrous  at  the  suHate.  FuhC- 

nioie,  sseeds  possess  a  natural  resistance  to  mans-  of  the  pests  that  cron 

p  ants  aie  plagued  by.  Their  resistance  to  heat  and  cold  undoubtedls-  gis  es 
them  an  added  advantage.  ' 

.f 

tnat  lias  htui  sacrificed  durimr  “domesticition”  r.f'  i  . 

conntant  with  the  selection  of  horticultural  attributes  such  f  ""f 

™'n<Hng.S  ss  hereas  crop  plants  mav  be  gn:::';: 
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from  the  conditions  to  wlhcli  tliey  are  best  adapted.  The  weed  species 
ehange  much  more  dramatically  than  do  the  crops  across  the  United  Stat(‘s. 
dims,  the  study  of  weed  control  must  be  preceded  bv  a  knowledge  of  the 
natural  history  and  ecology  of  the  particular  weed  species  iiwolved. 


Weed  Control  Methods 

The  many  technicjnes  utilized  in  the  control  of  weeds  may  he  grouped 
into  physical,  biological,  and  chemical  methods.  Weed  control  was  given 
a  new^  impetus  w  ith  the  discovery  of  2,4-dichlorophenoxvacetic  acid  (2,4-D) 
as  a  selective  weed  killer  in  the  mid  194()’s.  This  pro\ed  to  have  far-reaching 
effects,  not  only  on  chemical  weed  control,  hut  on  weed  research  in 
general.  So  far,  however,  chemicals  have  not  proved  to  he  the  ultimate 
solution  to  the  weed  problem.  Weeds  are  well  endowed  in  their  struggle 
for  space  and  sur\i\al.  Successful  control  still  invohes  the  judicious  com¬ 
bination  of  many  methods. 


Physical  Techniques 

Wirious  controls  involve  the  physical  destruction  of  weeds.  The  pulling 
or  grubbing  of  weeds  is  the  simplest  and  most  ancient  form  of  weed  con¬ 
trol.  The  hoe,  the  basic  hand  tool,  is  still  widely  used.  Various  mechanical 
devices  have  been  developed  to  automate  this  process  (Fig.  8-18).  The 
basic  principle  is  to  cut  out,  chop  up,  or  cover  the  weeds  and  thereby 
destroy  them.  For  maximum  etficiency,  culti\ation  should  be  carried  out 
when  weeds  are  very  small.  Weeds  propagated  by  root  are  extremely  dif¬ 
ficult  to  control  by  cultivation  and  may  actually  be  dispersed  in  this  way. 

Cultivation  and  tillage,  the  loosening  or  breaking  up  of  the  soil,  are  such 
wide-spread  agricultural  practices  that  many  have  come  to  believe  that  the 
loosening  of  the  soil  has  beneficial  functions  other  than  the  control  of 
weeds,  ^et  a  number  of  experiments  have  indicated  that  weed  contiol  is, 
indeed,  the  primary  benefit  of  cultivation.  The  other  advantages  of  culti¬ 
vation,  such  as  increased  soil  aeration  or  the  conservation  of  soil  moisture 
bv  the  formation  of  a  soil  or  dust  mulch,  may  actually  be  counteracted 
bv  the  destructive  effects  of  inadvertent  root  pruning  in  the  surface  layer, 
the  most  productive  portion  of  the  soil.  In  addition,  extensive  cultiNation 
with  heavy  machinery  often  leads  to  serious  soil  compaction  problems.  Al¬ 
though  cultivation  may  conserve  moisture  by  preventing  runolf.  it  also 
contributes  to  considerable  erosion  of  loose  soil  during  heaw  rams.  Xevei- 
thele.ss,  cultivation  is  still  the  major  form  of  wei'd  eontrol  for  most  crops, 
thus  it  should  be  timed  in  relation  to  weed-control  elliciency. 


('.oniprtifinn  Between  Crop  (ind  Weed 
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Fig.  8-18.  Weed  control  by  cultwation.  (Above)  A  ten-row 
onion  tillivalor.  (Below)  A  ‘'power  hoe'  developed  for  .straw¬ 
berry  cultivation.  1  he  operator  .steers  with  his  feet  and  directs 
a  movable  hoe  attachment. 

[C:o.,rt,.sy  Pnnlnc-  University,  a.ul  Friday  Tractor  Co.,  Hartford.  Miclii«an.] 

f J';;."’"';"'  •■«'onano,Klc.cl 

n  ,.„H.  to  .nne.  Hecently,  ,l,o  o.se  of  l>lack  ,„>lyethylene  plastic  fil.n  l.as 

XU,  onco„rag,„g  sontc  trials.  .Molcinng,  howcHcr,  is  too  espeosire  as 

lo!  i::::::X‘ 

Tlx.  use  of  heat  to  e.rutrol  weeds  is  the  “pasteurization"  of  greeuhor.se 
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or  cold-frame  soils  by  steam  ( 18()°F  lor  I  hour).  W'eed  seeds  and  certain 
“damping-olF  ’  organisms  are  controlled  in  this  manner.  Care  must  be  taken 
to  avoid  sterilizing  the  soil,  since  this  will  adver.selv  affect  the  bacteria 
involved  in  the  nitrogen  cycle.  It  is  a  good  practice  to  avoid  planting  in 
freshly  steamed  soils;  it  is  best  to  allows  the  balance  of  microorganisms  to 
be  restored. 

Fire  has  been  used  to  destroy  w^eeds.  Flame  throw'ers  have  been  adapted 
to  control  w’eeds  in  such  places  as  railroad  beds,  and  have  been  used  in 
weeding  cotton  and  onions.  Similarlv,  burning  of  w'eed  trash  has  been 
used,  but  this  must  be  considered  a  poor  practice.  The  burniiig  over  of 
muck  soils  to  control  weeds  is  a  flagrant  example  of  a  resource  waste. 


Biological  Techniques 


The  utilization  of  the  natural  competition  between  w-eeds  and  other 
organisms  is  the  basis  of  biological  control.  The  most  .spectacular  twample 
of  biological  control  involves  the  introduction  of  insects  that  feed  specifically 
on  certain  w^eeds.  Prickly  pear  (Opiintia  species),  first  introduced  as  an 
ornamental  into  Australia  prior  to  1839  by  the  early  colonists,  w'as  brought 
under  control  by  the  importation  of  the  moth  borer  C  act  oblast  is  cactonnn 
from  x\rgentina.  By  1925,  the  w'eed  had  infested  60  million  acres,  and  the 
infested  area  was  increasing  at  the  rate  of  one  million  acres  annually.  Ten 
years  after  the  introduction  of  the  predator,  control  was  almost  complete. 
Although  there  w'ere  successive  waves  of  regrow'th,  they  were  of  diminish¬ 
ing  proportions,  owing  to  the  succe.ssful  establishment  of  the  insect. 

More  recently  the  wx'ed  Ili/pcricum  perforatum  ( Saint-John  s-w'ort,  or 
Klamath  w'ced )  has  been  successfully  controlled  in  California  by  the  intro¬ 


duction  of  the  beetle  Clin/solina  ^cmellata.  This  beetle,  originating  in 
France,  had  proved  to  be  a  satisfactory  predator  of  this  w'eed  in  .•\ustralia. 

The  use  of  insects  to  control  weeds  can  be  handled  only  (m  a  large  scale, 
and  because  of  the  inherent  problems,  must  be  placed  under  the  control 
of  some  national  agency.  This  form  of  control  is  usually  used  for  intio- 
duced  weeds  that  are  not  attacked  by  natural  predators.  In  order  for  the 
introduction  of  insect  predators  to  be  successful,  the  insect  must  thrive 
in  the  new'  habitat  and  yet  not  become  a  pest  to  other  agricultural  crops. 
Thus,  only  tho.se  insects  that  are  highly  selective  in  their  feeding  hahits 
can  be  imported.  Care  must  be  taken  to  avoid  introducing  parasites  of  the 


imported  insect. 

Crop  competition  is  an  important  biological  method  of  weed  control. 
Weed  populations  can  be  reduced  by  proper  rotation  involving  well-adaptec 
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crops  tliat  can  compete  witli  weeds,  for  example,  silage  corn,  alfalfa.  Often 
it  is  the  kind  of  tillage  used  in  the  rotation  that  brings  weeds  under  con¬ 
trol.  For  example,  cultixation  in  corn  may  reduce  the  grass  weeds  that 
become  established  in  small  grain  crops.  Similarly,  horticnltural  practices 
that  facilitate  rapid  growth  and  good  crop  stands  will  encourage  crop 
competition. 

The  use  of  geese  to  control  weeds  has  had  limited  success  in  some 
horticultural  crops.  Geese  will  selectiv'ely  weed  strawberries  of  grass,  pro- 
\iding  there  is  enough  grass  present,  but  they  cannot  be  used  in  fruiting 
patches.  Fields  must  be  fenced,  and  careful  management  is  required;  for 
example,  water  must  be  rotated  to  keep  the  geese  moN'ing. 


Chemical  Techniques 

“Buildings  and  walls  were  razed  to  the  ground;  the 
plough  passed  oxer  the  site,  and  salt  was  sown  in  the  fur¬ 
rows  made.  A  solemn  curse  was  pronounced  that  neither 
house  nor  crops  should  ever  rise  again.” 

“The  Fall  of  Carthage”  (147  b.c.). 
From  the  Cambridge  Ancient  History, 
yo\.  Mil 


Substances  such  as  common  salt  have  been  used  for  centuries  to  destroy 
vegetation.  Ilowex  er,  practical  weed  control  in  agriculture  depends  largely' 
upon  the  selective  destruction  of  weeds.  In  the  early  190()’s  a  number  of 
compounds  were  shown  to  have  selective  action  in  destroving  broad-leafed 
weeds  in  grain;  for  example,  various  copper  salts,  sulfuric  acid,  iron  sulfate, 
sodium  arsenite.  But  interest  in  these  materials  waned  because  of  the  un- 
leliability  of  the  resvdts  and  the  inadecjuacy  of  application  ecjuipment.  The 
introduction  of  2,4-D  and  other  auxin-like  herbicides  in  the  194()’s  rapidlv 
transformed  chemical  weed  control  into  a  method  of  major  importance.  In 
rapid  succession  many  other  chemicals  were  introduced  as  w'eed  killers, 
lleibicides  have  accounted  for  an  increasing  percentage  of  all  pesticide 
sales.  Chemical  weed  killers  are  widely  used  on  lawns  but  are  not  ad- 
\isable  for  home  gardens  b(*cause  of  the  difficultv  of  applying  them  at  the 
proper  rate  and  the  danger  of  injuring  adjacent  plants. 

SKLECTIVITY.  Nonsclective  herbicides  kill  vegetation  indiscriminately.  A 
selective  herbicide  is  one  that  under  certain  conditions  will  kill  certain 
plants  and  not  harm  others.  Selectivity  in  herbicides  is  a  relative  concept 
and  d(*pends  to  a  large  extent  on  the  interaetion  of  a  number  of  factors: 
do.sage,  timing,  method  of  application,  chemical  and  physical  properties 
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of  tlie  herbicides,  and  the  genetic  and  physiological  state  of  the  plants 
in\  ohed. 

In  order  for  a  herbicide  to  cause  death  it  most  he  absorbed  hv  the  plant 
and  carry  out  some  toxic  reaction.  Some  kill  only  the  area  of  the  plant 
actually  covered  {contact  herbicides) ,  for  example,  dinitro-componnds,  oils, 

and  arsenates;  others  are  translo- 


Fig.  8-19.  Selectivity  to  auxin-like  her- 
hieides  is  a  function  of  dose.  Arrows  on 
mortality  curves  of  two  species  indicate 
relative  concentration  of  herbicide  re- 
(j aired  to  kill  50%  of  the  plants. 

[From  Leopold,  Atixin  and  Plant  Growth,  Univer¬ 
sity  of  Calif.  Press,  Berkeley,  1955.] 


cated  within  the  plant  (noncontact 
or  translocated  herbicides),  for  ex¬ 
ample,  2,4-D.  Selectixitv  mav  he 
hronuht  about  hv  directimj  the 
herbicide  awav  from  the  crop  plant 
(positional  tolerance)  or  h\’  in¬ 
herent  morphological  differences  of 
the  plant:  amount  and  t\pe  of 
waxy  cuticle,  which  results  in  dif¬ 
ferential  wetting  and  absorption 
( for  example,  dinitro-componnds  on 
peas  versus  weeds);  the  angle  and 
shape  of  the  leaves  ( for  example, 
the  differences  between  broad- 
leafed  plants  and  grasses);  or  the  lo¬ 
cation  of  the  growing  point  (for  ex¬ 


ample,  protected  in  grasses,  exposed  in  broad-leafed  plants).  Dinron  is  an 
effective  weed  killer  on  grapes  because  it  does  not  reach  their  deeply  grow¬ 
ing  roots  readily.  Selectivitv  mav^  be  achiev'ed  as  a  function  of  dose.  .\n 
o\'erdose  of  2,4-1)  will  serionslv  affect  all  plants,  whereas  in  low  doses  it 
w'ill  effectively  discriminate  between  certain  plants  (kig-  8-19). 

Physiological  distinctions  that  result  in  selectivity  exist  between  certain 
plants.  This  mav  he  manifested  in  \  arieties  of  the  same  species.  4  he 
precise  mechanism  of  physiological  selectix  ity  is  unknown,  since  the  ex¬ 
act  method  by  w'hich  many  herbicides  kill  is  ohsenre.  Some  interfere  with 
enzyme  .systems;  others  disturb  the  metabolism  of  the  plant  in  some  man¬ 
ner.  Physiological  selectivity  may  be  due  to  differences  in  the  plant  s  ability 
to  translocate  herbicides.  The  tolerance  of  carrots  to  Stoddard  solvent  is 
apparently  due  to  the  inherent  resistance  of  the  cell  membrane  to  pene¬ 
tration. 

Plants  mav  show  differences  in  the  intensity  of  tlu'  toxie  reaction  at 
different  stages  of  growth.  Thus,  some  herhieides  may  he  effeetive  onlv 
during  a  verv  early  stage  of  plant  development,  such  as  seed  germmafion; 
others  may  he  effective  only  at  some  later  stage,  such  as  flowering.  Cloin- 
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])inati()ns  of  different 
weed  speeies  usually 
I  IMK  AM)  MKTUOI)  OF 
hefore  the  crop  is 
aclue\’e  selectivity  bct\\eeu  weed 
If  prej)lautiug  herbicides  are  uou- 
selecti\e  and  ha\e  residual  effects, 
sufficient  time  must  elapse  before 
the  crop  can  be  planted.  Selectix'e 
preplautiug  herbicides  that  are 
now  a\’ailable  discriminate  betw  een 
germinating  weed  seeds  and  crop 
seeds  or  lietw'een  germinating  w'eed 
seeds  and  transplants. 

Prc-enicr<ie)ice  treatments  are 
applied  after  the  crop  is  planted 
but  before  it  has  emersed  from 

O 

the  soil  (Fig.  8-20).  To  be  efiec'ti\'e 


crop  bv  the  timing  of  application. 


Fig.  8-20.  Pre-emergent  application  of 
herbicide  to  seed  bed.  Uniform  and 
thorongh  coverage  is  essential. 

[Courtesy  Farm  Efiiiipment  Inst.] 


the  herbicide  must  ha\  e  good  cox  erage. 


berbicides  are  often  retpiired  to  control  tlu*  many 
present. 

APi'i.iCA  I  ION.  Pre])lanting  treatments  are  applied 
planted.  Fumigants  and  other  nonselective  herbicides 
and 


remain  on  the  surface  of  the  soil,  and  be  relatixelv  imleaclied.  Timing  and 
soil  moisture  are  x’ery  critical.  Waiter  is  often  required  to  actixate  tbe 


herbicide,  but  too  much  xvater  may  leach  the  herbicide.  Because  their  action 
is  restricted  to  the  soil  surface,  the  herbicides  are  applied  after  the  crop  is 
planted.  Physiological  selectixitx'  is  often  utilized  such  that  the  crop  xxill 
germinate  but  the  xxeed  xvill  not.  In  addition,  selectixitx’  max’  be  enhanced 
by  time.  The  xveed  seeds  germinate  first,  since  the  crop  seeds  hax  e  a  slightlx’ 
delayed  germination  oxving  to  the  time  require  to  imbibe  xvater  or  to  their 
depth  of  planting. 

Posteinergence  treatment  is  applied  to  the  groxving  crop.  Selectivity  may 
be  physiological,  or  it  may  be  due  to  directed  application  axxav  from  tbe 
crop  plant.  Care  must  be  taken  to  axoid  drift  of  berbicides.  Selectixitx’ 


may  be  achiexed  as  a  result  of  plant  age,  for  example,  if  the  herbicide 
being  used  is  toxic  only  to  germinating  seedlings  at  the  dose  being  ap¬ 
plied.  W’hen  used  in  this  way,  herbicides  are  usually  applied  immediatelv 

after  a  thorough  cultix'ation,  since  the  ground  must  be  free  of  germinated 
xxeed  s. 

Herbicides  may  be  applied  as  a  liipiid,  solid,  or  gas.  Specialized  ecpiip- 
ment  has  been  dex  ised  that  accuratelx'  meters  low’  dosages.  This  is  essential 
because  of  the  extremely  low  concen.trations  reciuired  for  some  highly 
actix  e  substances.  The  increased  use  of  granular  herbicides  that  are  ab¬ 
sorbed  by  roots  eliminates  the  need  for  heavv,  bulkv,  liciuid  carriers 
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CLASS  I  I'lCATiON  OF  iiKRBiciDES.  Tlu*  numl)er  of  chemicals  known  to 
ha\e  licrl)iciclal  acti\  ity  is  large  and  is  increasing  at  a  rapid  rate.  Table  8-3 
presents  a  cla.ssification  of  some  important  families  of  herbicides  in  terms 
of  chemical  composition.  Although  many  compounds  fit  into  well-defined 
groups  on  this  basis,  others  do  not  appear  to  fit  into  am’  particular  group¬ 
ing.  Lists  of  herbicides  beeome  outdated  very  (luicklv,  since  this  t('chnolog\’ 
is  expanding  at  a  rapid  rate. 


Table  8-3.  Classification  of  sonic  inijuntant  herbicides  In/  chemical  composition. 


CI.ASS  OF  MATEKIAL 

KX  A  M  FI.KS 

Iiiorjiaiiic 

ammoiiiiuu  suli)hamate 
])otassium  cyauate 
sodium  arsenite 

sulfiiric  acid 

Organic 

Oils 

diesel  oils,  Stoddard  solvent 

IMieiioxyacetic  acids 

'■2.t-l).  '2.4,.')-T.  MC  I*.  Sesoue 

(  lilorinatcd  acetic  acids 

'l'(’A.  dalapou 

Ainide-like  compounds 

carl)ainates 

IPC,  CIPC,  FdTC 

acetamides 

Solan,  (4)AA 

ureas 

mouurou.  diurou 

triaziues 

simaziue.  atraziue 

Substituted  phenols 

DXbP 

M  iscellaneous 

Zytroii,  eudotlial,  Dacthal.  amino  triazole 

Oils  such  as  diesel  oil  have  long  been  used  as  contact,  nonselective 
herbicides.  Lighter  fractions,  such  as  stove  oil  and  Stoddard  solvent  ( used 
in  drv  cleaning),  have  pro\ed  to  have  selective  herbicidal  action.  Stod¬ 
dard  soKent  is  widely  used  with  carrots  and  cranberries.  Hea\y  aromatic 
fractions  were  found  to  be  superior  to  diesel  oils  as  contact  herbicides,  and 
large  numbers  of  these  materials  are  used  as  nonselective  herbicides. 

Phenoxv  or  auxin-like  materials  are  those  substances  that  ha\e  a  physi¬ 
ological  action  resembling  indoleacetic  acid  (see  Chapter  4).  The  most 
coinmon  of  these  are  2,4-D,  2,4,5-T  and  MC:P.  Note  how  similar  their 
structural  formulas  are  to  one  another  and  to  that  of  indoleacetic  acid  (I'ig- 
8-21).  N'arious  derivatives  of  these  compounds  may  be  achie\ed  by  dif¬ 
ferent  substitutions  and  formulations.  These  affect  the  herbicidal  as  well 
as  the  physical  properties  of  the  molecule.  For  example,  the  amine  formn- 
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MCP 

A^crhylchloropHcKi- 
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Fig.  8-21.  Structure  of  auxin-like  herijicidcs  in  comparison  with  that  of  indole- 
acetic  acid. 


lation  of  2,4-D  is  loss  \’olatilo  tluin  tlie  ester  form.  X’olatile  esters  of  2,4-1) 
are  liazarclous  around  sensitive  crops  such  as  grapes  or  tomatoes.  The  auxin 
herbicides  are  generally  highly  selective  with  respect  to  dose  and  are  ef¬ 
fective  at  extremelv  low'  concentrations.  Thev  have  a  short  residual  life 
in  the  soil  and  are  of  low'  toxicity  to  animals.  Selectivitv  is  achieved  both 
by  differential  absorption  and  genetic  differentiation  to  dose.  At  high  enough 
concentrations  auxin  herbicides  are  toxic  to  all  plants.  The  herbicide  2,4-1) 
is  used  to  control  weeds  in  corn  and  strawberries,  and  is  used  as  a  broad- 
leaf  weed  killer  in  turf. 

Among  the  chlorinated  acetic  acids  used  in  weed  control  are  such  com¬ 
pounds  as  1 CA  (trichloroacetic  acid)  and  Dalapon  (2,2-dichloropropionic 
acid).  As  a  group  they  are  more  selective  against  monocots  than  dicots, 
and  thus  are  used  in  the  control  of  grassy  weeds.  Dalapon  has  the  widest 
herbicidal  use  and  is  used  for  the  control  of  both  seedling  and  established 
p('rennial  grassc's. 

Within  theii  stiuctural  formula  amidc'-like*  and  relati'd  compounds  con¬ 
tain  the  amide  moiety  X— (:=()  o,-  the  related  groupings  X— C=S  or 
physiological  significance  of  their  chemieal  structure  is  not 
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known.  Many  important  lierbicicles  are  included  in  tliis 
tiia/ines,  carbamates,  ureas,  and  acetamides.  Tliese  are 
most  important  ones  in  borticnltnre. 


group,  sncb  as  the 
now  some  of  the 


FATK  OF  HERBiciDKS.  Herbicides,  to  be  a  snccessfnl  agricultural  tool,  must 
dissipate  in  order  that  they  will  not  interfere  with  future  land  use.  Their 
eventual  disappearance  may  residt  from  \'aporization,  chemical  breakdown, 
biological  decomposition,  leaching,  or  adsorption  on  soil  colloids. 


P  ()  P  L  L  A  T  1  O  N  C  O  M  P  E  T I T I O  N 

Population  pressures  markedly  affect  plant  performance.  As  plant  popu¬ 
lation  increases  per  unit  area,  a  point  is  reached  at  w  hich  each  plant  begins 
to  compete  for  certain  essential  growth  factors:  nutrients,  sunlight,  and 
water.  The  effect  of  increasing  competition  is  similar  to  decreasing  the 
concentration  of  a  growth  factor. 

Yield,  whether  it  be  of  root,  shoot,  fruit  flower,  or  seed,  is  usually  ex¬ 
pressed  on  a  unit  area  basis  rather  than  on  a  plant  basis.  One  of  the 
principal  reasons  is  that  “space”  and  the  fixed  costs  associated  with  it  are 
usually  much  more  valuable  than  the  costs  of  individual  plants.  Thus, 
the  most  important  consideration  is  the  effect  that  varying  the  plant 
popidation  has  on  the  yield  per  unit  area  rather  than  on  the  yield  per 
plant.  The  optimum  population,  however,  is  the  one  which  produces  the 
greatest  net  return  to  the  grower.  It  should  be  emphasized  that  yield 
must  be  interpreted  in  both  (piantitative  and  (jualitative  terms.  The  value 

of  the  total  v'ield  is  not  merelv  the  total  bulk,  but  is  related  to  the  (lualitv 
¥  *  *  ' 

of  the  yield  (size  per  unit,  color,  appearance,  culinary  properties,  and  so 
on ). 

There  are  two  horticvdtnral  phases  to  this  problem.  One  is  the  effect  of 
plant  population  per  unit  area  ( intcrplaiit  competition),  and  the  other  is 
the  effect  of  plant  part  number  {intraj)hint  competition) . 


Intcrphint  Competition 


Vielcl 


The  yield  per  unit  area  is  e(jnal  to  the  yield  per  plant  times  the  number 
of  plants.  WluMi  the  population  is  below  the  level  in  which  competition 
In'twc'cn  plants  occurs,  increasing  the  population  will  have  no  ellect  on 
indiv  itlual  plant  performance;  the  yield  per  unit  area  will  increase  in  direct 


Population  Competition 

proportion  to  the  population  increase.  As  soon  as  conip('tition  hetwecni 
plants  oeenrs,  lio\\c'\er,  the  yit'ld  j)er  plant  will  (k'crease. 

Once  competition  exists,  the  change  in  yield  per  unit  aiea  becomes  a 
function  of  the  change  in  xield  per  plant.  1  here  appear  to  he  two  funda¬ 
mentally  different  relationships  between  yield  per  plant  and  population. 
For  some  crops,  a  plot  of  the  logarithm  of  yield  per  plant  x'ersus  arithmc'tic 
\'alues  for  population  describees  a  straight  line  (.S'C//u7og  relationship);  foi 
others  (this  is  the  most  usual  relationship)  a  plot  of  the  logarithm  of  yield 
per  plant  \  ersns  the  logarithm  of  population  describes  a  straight  line  ( /og 
relationship) .  These  relationships  are  showm  in  Fig.  S-22  and  are  discussed 
bc'low. 

In  plants  that  show'  the  semilog  relationship,  an  increase  in  population 
that  occurs  after  competition  is  reached  will  increase  the  yield  per  unit  area 
at  some  particular  population.  If  this  population  is  exceeded,  the  yield 
per  unit  area  will  decrease.  This  type  of  relationship  is  found  in  corn  and 
cabbage.  In  plants  that  exhibit  the  log  relationship,  the  effect  on  yield  per 
unit  area  of  increasing  population  after  'competition  is  reached  depends 
on  the  rate  of  change  of  yield  per  plant.  This  can  be  explained  in  terms  of 
the  slope  of  the  straight  line  obtained  in  the  log  dog  plot.  If  the  slope  is 
—  1  (that  is,  if  the  slope  is  45°,  or  curye  B')  an  increase  in  population  w'ill 
haye  no  effect  on  the  yield  per  unit  area.  The  yield  contributed  by  each 
additional  plant  is  compensated  exactly  by  the  decrease  in  xield  of  the 
other  plants.  Potatoes  show'  this  relationship. 

If  the  slope  of  the  log  log  plot  is  greater  than  —1,  then  an  increase  in 
population  will  increase  the  yield  per  unit  area,  but  at  a  decreasing  rate. 
.At  some  population,  how'ever,  yields  could  conceivably  decrease.  In  fruit 
vield  this  might  occur  if  flow'er  number  decreased  to  less  than  one  per 
plant,  or  if  fruit  size  became  too  small  to  dev'elop  normally.  Tomatoes 
and  beans  exhibit  this  type  of  relationship. 

If  the  relationship  between  yield  per  plant  and  population  produces  a 
slope  less  than  —1,  then  the  yield  per  unit  area  will  be  a  maximum  just 
at  the  point  where  competition  begins.  Increasing  the  population  will 
low'er  yield,  but  at  a  decreasing  rate.  A  late  single  harvest  of  tomatoes 
exhibits  this  relationship. 

Plant  parts  may  respond  to  increased  population  pressures  after  compe¬ 
tition  begins  by  decreasing  in  size,  number,  or  both.  The  decrease  in  the 
number  of  plant  parts  (for  example,  the  response  of  potato  tubers)  may 
produce  a  yery  small  corresponding  decrease  in  the  size  of  remaining  parts. 
The.se  compensating  responses  to  competition  may  differ  with  various  plant 
parts,  even  on  the  same  plant.  In  corn,  for  example,  an  increase  in  popu- 
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I.  Scwi  Locjar^xy^rr\\c  rc\ax\or\ 
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Fig.  8-22.  (Above  and  on  facing  page.)  Relation.ship  of  yield  to  plant  population. 


lation  causes  a  decrease  in  ear  nuiul)er,  ear  size,  and  kernel  number,  but 
the  kernel  size  remains  relatively  constant.  The  response  of  crops  to  crowd¬ 
ing  depends  on  which  character  is  being  measured  (for  example,  yield  of 
seed,  or  yield  of  some  vegetative  structure).  In  oats,  for  instance,  the 
maximum  yield  of  straw  is  obtained  from  a  low  seeding,  whereas  the 
maximum  grain  yield  is  obtained  with  the  hea\iest  seeding. 

The  optimum  size  of  plant  parts  (fruit,  tuber,  bulb,  Hower)  is  not  neces¬ 
sarily  the  largest.  (In  pickling  cucumbers  it  is  the  smallest.)  Population 
competition  mav  be  utilized  to  produce  a  particular  size  of  organ,  kor  ex¬ 
ample,  onion  seed  grown  for  “sets”  to  be  replanted  is  sown  at  the  rate 
of  TO  Ib/acre.  The  crowding  produces  a  small  bulb  about  |  in.  in  diameter 
for  planting.  When  onion  seed  is  planted  for  an  edible  crop  and  a  larger 
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2.  Lo0antUmic  rciatioyt  V  "  pb 
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bulb  size  is  desired,  tlie  planting  rate  is  2-4  Ib/acre.  Siinilarlv,  large  in¬ 
creases  in  pineapple  yields  have  been  obtained  by  close  spacing  of  large- 
frnited  x  arieties. 

En\  ironniental  factors  sncli  as  nutrition  or  moisture  le\els  mav  drastically 
change  the  le\'el  at  wbicb  the  response  to  crowding  occurs.  Tims,  in 
tomatoes,  varietal  response  differs  with  the  season.  Of  particnlar  interest  is 
the  differc'nt  type  of  response  that  may  occur  with  different  genetic  tyiies 
of  the  same  plant.  The  dwarf  corn  produced  with  the  compact  gene  ap¬ 
pears  to  demonstrate  a  different  response  to  competition  than  normal  corn, 
which  means  that  yields  may  b('  constantly  increased  in  proportion  to 
jiopnhition.  IIk'  i earrangenuMit  of  a  plant  popnlation  by  rows  incr(*asc‘s 
eompetition  in  comparison  to  etpiidistant  plant  spacing,  but  this  may  be* 
nece.ssary  for  cnltnral  considerations  such  as  cnltiyalion  for  weed  control 
and  access  for  spraying  and  har\’esting  ecpiipment. 
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Oiiality  of  Yield 

Population  pressures  affect  (juality  factors  tliat  must  be  considered.  For 
example,  crowding  of  tomatoes  increases  the  foliage  canopy,  which  tends 
to  protect  the  fruit  from  being  burned  by  the  sun.  On  the  other  hand, 
excessive  crowding  of  potted  chrysanthemums  produces  an  undesirable, 
spindly  growth. 

A  high  population  level  has  an  adverse  effect  on  disease  control.  Plants 
grown  exceptionally  close  together  produce  a  dense  cover  that  discourages 
rapid  diving  and  produces  conditions  favorable  for  the  urowth  of  manv 
fungi.  In  addition,  the  dense  cov'er  is  impenetrable  to  sprav  application  and 
limits  chemical  disease  control.  Sometimes  dense  foliage  facilitates  the 
actual  spread  of  diseases  by  contact,  as  is  true  of  tobacco  mosaic  virus  in 
tomato.  Higb  population  may  be  utilized  as  a  method  of  weed  control. 
The  increased  shade  produced  by  a  dense  cover  of  v  igorous  plants  may 
permit  the  crop  plant  to  outcompete  weeds.  This  is  utilized  in  turf  manage¬ 
ment. 


Intraplaut  Competition 


The  interrelationship  between  parts  of  the  same  plant  is  an  important 
component  of  population  competition.  This  almost  invariably  involves  fruit 
and  flower  size.  Size  per  unit  is  an  important  component  of  value  in 

practically  all  horticultural  crops. 
For  example,  high  yields  of  ex- 
tremelv^  small  fruit  may  be  eco¬ 
nomical!  v  worthless. 
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[Adapted  from  data  of  Mamicss,  Overly,  and  Luce, 
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Fruit  Size 

.\n  important  factor  in  fruit  size 
is  the  leaf  to  fruit  ratio.  Sinee  leaves 
are  the  carbohvdrate  source  nour- 
ishing  the  fruit,  fruit  size  will  be 
related  in  any  given  genotvpe  to 
the  amount  of  leaf  area  per  fruit. 
(  I’ig.  8-23).  The  st'eds  get  first  call 
on  the  carbohvdrates  produced  by 
the  leaves.  WIkmi  the  seed  re(|uire- 
ments  are  satisfied,  the  extra  carbo- 


rojxilatioii  ConipeiUiou  ‘ 

liyclratfs  luvoine  available  to  the  fruit.  Only  then  do  the  extra  carl)oh\clrates 
heeonie  a\  ailable  for  the  vegetati\’e  organs. 

Leaf  area  inav  not  be  a  eonstant  value.  Indeterminate  plants  (plants  in 
w  hieh  the  main  axis  remains  vegetati\e)  have  a  eonstantly  inereasing  leaf 
area  as  the  plant  grows.  Lhider  a  hea\y  load  of  maturing  fruit,  howexer, 
many  indeterminate  plants  stop  xegetatixe  growth.  The  result  is  a  eonstant 
leaf  to  fruit  ratio.  In  mature,  bearing  fruit  trees  the  amount  of  leaves  pro- 
dueed  in  anv  one  season  is  relatixeb'  constant  because  the  amount  of  new 
growth  tends  to  be  small. 

There  are  two  waxs  to  compensate  for  fruit  competition.  One  is  to 
increase  the  number  or  effieienex’  of  the  leaxes.  The  other  is  to  reduce 
the  fruit  load  bx’  blossom  or  fruit  remoxal,  that  is,  bx’  tliinuix^  ( bdg.  8-24). 
Inereasing  leaf  groxxth  and  effieienex'  is  aeeomplished  bx'  various  cultural 
jnaetiees  inxolxing  plant  nutrition  (see  Chapter  6).  This  max’  be  self  de¬ 
feating  xx’hen  higher  nutrition  increases  fruit  number.  Thinning,  on  the 

Fig.  (S-24.  The  effect  of  on  fruit  aize.  The  left  side  of  tree  was  thinned; 

the  ri<dit  side  of  the  tree  was  not. 

Purdue  Univ.] 
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other  hand,  is  an  expensive  practice  and  is  confined  largely  to  high- 
priced  fruit  crops  whose  \’alue  is  largely  dependent  on  size  per  unit  ( ap¬ 
ples,  pears,  peaches,  plums). 

\  icld  and  Fruit  Size 

Below  the  levels  of  intraplant  competition,  yield  is  directlv  related  to 
the  number  of  fruit.  Under  competition,  however,  the  increase  in  vield 
lexels  off.  The  practical  lexel  for  thinning  popular  peach  and  apple  varieties 
occurs  at  le\’els  where  total  yield  is  practically  unaffected.  This  is  because 
these  \arieties  are  potentially  large  fruited.  The  timing  of  thinning,  how¬ 
ever,  must  be  early  to  be  effective.  The  general  relationship  between  the 
number  of  fruit,  fruit  size,  and  yield  in  apples  and  peaches  is  plotted  in 
Fig.  8-25. 


Other  Considerations 

fn  addition  to  size,  other  important  considerations  are  involved  in  fruit 
competition.  In  apples,  for  instance,  a  relationship  exists  between  (jualitv 
and  fruit  load.  With  an  unusually  light  crop,  apples  of  some  varieties  mav 
get  too  large  (over  3^  in.),  and  storage  ([ualitv  decreases.  On  the  other 
hand,  with  fewer  leaves  per  fruit,  there  is  a  decrease  in  fruit  sugars  (mainly 
sucrose),  which  affects  edible  cpiality.  A  corresponding  decrease  in  antho- 
cyanin  pigments  per  fruit  decreases  red  color,  although  this  effect  is  rela¬ 
tively  slight. 

Competition  between  fruit  and  vegetative  parts  may  result  in  severe 
damage  to  the  plant;  for  example,  with  grapes  excessive  fruit  load  renders 
the  plant  susceptible  to  winter  injury  as  a  consecjuence  of  low  sugar  ac¬ 
cumulation  by  the  vegetative  organs.  In  periods  of  stress,  such  as  drought, 
fruit  is  removed  from  young  trees  in  order  to  prevent  desiccation  and 
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Fig.  S-25.  Idealized  relationship  be¬ 
tween  fruit  size  and  i/ield.  The  total 
i/ield  per  tree  is  only  slightly  reduced 
by  thinnino  popular  lar^e-fruited  va¬ 
rieties  of  apples  and  peaches.  How¬ 
ever,  the  value  of  unthinned  fruit  may 
he  economically  worthle.ss.  Some  re¬ 
duction  in  total  yield  is  desireahle  in 
order  to  keep  alternate  hearing  varie¬ 
ties  produeinn  on  an  annual  basis. 
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siil..scc|iicnl  winter  injnrv.  Heavy  fniilinf;  in  tomatoes  will  increase  sns- 
cr])til)ility  to  foliago  clisoasos. 

In  Iniil  cr()j)s  tliat  j)rf)flnci'  flo\M’J  inids  in  the  year  pre\ions  to  fruiting 
(especially  apples  and  pears),  fruit  competition  may  be  responsible  for 
biennial  bearing.  Tlie  competition  for  nutrients  between  a  large  number 
of  developing  fruit  apparently  prevents  the  development  of  fruit  buds  for 
next  year’s  crop.  Once  this  pattern  has  started  it  is  difficult  to  stop,  for  in 
the  off-bc'aring  year  an  c^xtra  abundance*  of  flower  buds  will  form  in  the 
absence  of  fruit  competition. 


Flower  Size 

In  plants  grown  for  indi\'idual  flowers  rather  than  for  clusters,  unit  size 
is  an  important  component  of  value,  just  as  it  is  in  fruit.  For  this  reason, 
flower  size  is  commonly  increased  by  reducing  the  number  of  dex'cloping 
flowers  per  shoot.  This  is  accomplished  by  disbudding,  the  removal  of 
all  buds  but  one  per  shoot.  Disbudding  is  a  standard  practice  in  the  culture 
of  roses,  carnations,  chrvsanthemums,  and  peonies. 


Economics  of  Population  Control 

If  we  grant  that  the  goal  of  the  commercial  producer  of  plants  is  profit, 
then  the  optimum  population  will  be  the  one  in  which  profits  are  greatest. 
W'ith  respect  to  populations  of  plants  or  of  plant  parts  a  number  of  factors 
must  be  considered.  For  example,  all  costs  must  be  taken  into  consideration. 
This  inx'olves  the  costs  of  plants  and  planting  (or  thinning),  as  well  as 
the  costs  of  cultivation,  disease  control,  and  harvesting.  From  these  figures 
the  actual  costs  of  production  for  each  level  of  population  can  be  deter¬ 
mined.  Similarly,  the  returns  at  each  population  level  can  be  determined  if 
the  yield  responses  are  known.  This  will  be  the  value  of  each  unit,  deter¬ 
mined  from  its  size  and  cpiality  multiplied  by  the  total  number  of  units  of 
that  value.  The  profit  ( or  loss )  at  each  population  level  mav  be  determined 
by  subtracting  total  costs  from  total  returns. 

If  we  could  predict  all  plant  responses,  costs,  and  returns,  it  would  be 
relatively  easy  to  “program”  the  problem,  that  is,  substitute  values  into  a 
mathematical  formula  and  soK’e  (with  an  electronic  computer  if  necessarx  ) 
the  e(juation.  .Although  this  degree  of  control  is  not  yet  possible,  it  is 
being  approached,  as  has  been  illustrated  by  the  cling  peach  predictions 
made  in  California.  Hoxvex'er,  empirical  solutions  to  these  problems  have 
been  obtained  by  trial  and  error  through  the  vears.  It  xxill  be  interesting 
to  compare  these  empirical  ansxvers  xvith  the  mathematicallv  determined 
solutions  xvhen  they  become  available.  The  obx  ious  adx  antage  of  the  mathe- 
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iiiatical  approadi  is  its  “instantaneoMs”  utilization  of  clianging  infonnatioii 
concerning  prices,  costs,  and  yield  responses.  It  should  1h>  pointed  out 
that  the  same  type  of  analysis  is  axailahle  to  “noncommercial”  gnmers. 
Although  monetary  values  are  nsnally  not  placed  on  pride  or  satisfaction 
they  might  well  be  for  pinposes  of  analysis. 
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CHAPTER  Q 


Mecliaiiisiiis  of  Propagation 


Propagation  refers  to  the  controlled  perpetuation  of  plants.  The  basic 
ol)jecti\'e  of  plant  propagation  is  twofold:  to  achieve  an  increase  in  num¬ 
ber  and  to  preserve  the  essential  characteristics  of  the  plant.  There  are  tw'O 
essentiallv  different  tvpes  of  propagation:  sexual  and  asexual.  Sexual  propa- 
^afiou  iinoKes  the  increase  of  plants  through  seeds  formed  from  the  union 
of  gametes.  Asexual  propagation  involves  the  increase  of  plants  through 
ordinarv  cell  di\’ision  and  differentiation.  The  essential  feature  of  asexual 
propagation  is  that  plants  are  capable  of  regenerating  missing  parts.  Thus, 
a  stem  cutting  initiates  roots,  a  root  cutting  develops  shoot  buds,  and  a 
leaf  cutting  initiates  both  roots  and  shoots. 


CELL  DIVISION 

The  basic  difference  between  sexual  and  asexual  propagation  in\()l\es 
the  distinction  between  the  two  t\'pes  of  cell  division — ttiifosis  and  uieiosis — 
in  which  the  chromosomes  are  distributed.  Chromosomes  are  linear  struc¬ 
tures  in  the  nucleus  that  contain  the  ge/JC.S‘,  the  carriers  of  genetic  infor¬ 
mation. 


Mitosis 


In  mitosis  a  synchronized  division  takes  place  in  which  both  the  chromo¬ 
somes  and  the  cell  divide  (Fig.  9-1).  The  chromosomes  duplicate  them¬ 
selves  longitudinally,  each  half  moving  to  alternate  ends  of  the  cell.  The 
two  resnltijig  daughter  cells  thus  receive  exactly  the  same  number  and 
kind  of  chromosomes.  The  division  of  the  cell  distributes  ecjually  the  other 
constituents  ol  the  cell. 

Ihis  increase  in  cell  number,  in  plants  as  well  as  in  animals,  is  called 
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C  D 


Fig.  9-1.  Mitoais  i)i  the  California  coastal  pcamj.  The  vegetative  cells  of  this 
siH’cies  have  10  chromosomes  (2n  =  10).  Alflum^h  mitosis  is  contiiuioiis,  the 
process  is  broken  clown  into  a  number  of  stages  for  descriptive  purposes. 
(A)  Prophase.  The  nucleus  of  a  cell  in  the  process  of  division.  During  this 
.static  the  nucleus  becomes  le.ss  granular  and  the  linear  .structure  of  the  chro¬ 
mosomes  can  be  readily  followed.  \ote  the  chromo.some  coils.  (B)  M(‘ta- 
phase.  The  10  chromosomes  line  up  in  the  ecpiatorUd  plate,  which  appe  ar 
as  an  “ecpiatorial  line"  due  to  the  smearing  proce.ss.  The  ehromo.somes  have 
reduplicated,  and  each  appears  visibly  doubled.  (C)  Anapha.se.  The  ehro¬ 
mo.somes  have  .separated,  and  approewh  the  poles  of  the  cell.  It  is  po.s.sible  to 
pick  out  the  pairs  in  ecwh  group  and  to  match  the  daughter  chrumosomes, 


Cell  Division 
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mitotic  (liN'ision.  Tlie  differentiation  of  tlie  cells  into  tissues  and  organs 
ordinarily  is  not  related  to  any  cliroinosoinal  differcmce.  Ilie  laet  that  eaeh 
cell  contains  all  the  necessary  gem-tie  material  implies  that  any  cell  ])o- 
tentially  ean  give  rise  to  the  entire  organism,  d  he  production  of  an  entire 
plant  from  a  single  carrot  parenchyma  cell  has  been  achiexed.  The  forma¬ 
tion  of  shoot  buds  from  roots,  or  roots  from  leaves,  is  common  in  plants. 
The  gc'iietic  continuitv  of  mitosis  insures  that  a  bud  on  the  potato  tuber 
will,  under  the  right  conditions,  produce  an  entire  potato  plant. 


Meiosis 

In  meiosis — a  secjuence  of  cell  divisions  that  occurs  in  the  formation  of 
gametes — the  number  of  chromosomes  is  reduced  by  half  (Fig.  9-2).  The 
chromosomes  in  the  ordinary  v’egetative  cells  of  higher  plants  normally 
occur  in  pairs,  making  up  the  somatic  number.  The  two  chromosomes  of 
a  pair  (homologues)  are  morphologically  similar  and  contain  the  same  kind 
of  genes,  although  each  member  of  the  gene  pair  may  not  be  identical 
as  a  result  of  some  alteration  (mutation).  The  combination  of  different 
genes  is  responsible  for  the  genetic  variabilitv  betwoen  li\ing  things.  The 
sexual  process  is  one  mechanism  that  provides  for  the  reassortment  and 
recombination  of  genetic  factors  so  that  organisms  mav  be  able  to  sursive 
tin  ough  time  in  an  ever  changing  environment.  The  reassortment  of  genetic 
factors  taking  place  between  and  within  chromosomes  is  accomplished  bv 
meiosis;  the  recombination  is  accomplished  by  fertilization  (see  Chapter 
10). 

Meiosis  is  basically  a  series  of  twn  divisions  in  which  the  cells  di\ide 
tw  ice  but  the  chromosomes  only  once.  This  results  in  four  cells,  each  Inn  ¬ 
ing  the  haploid  number;  that  is,  half  the  number  of  chromosomes  possessed 
by  the  vegetatixe  cells.  Each  of  these  four  cells  is  potentiallv  a  gamete. 
Fertilization,  the  fusion  of  two  gametes,  subsecpientlv  restores  the  diploid 
number. 

1  he  most  obxious  effect  of  meiosis  is  the  reduction  in  chromosome  num¬ 
ber  from  the  diploid  to  the  haploid  number.  This  is  necessary  to  prox  ide 
a  constant  chromosome  level  when  gametes  recombine  at  fertilization.  The 

tchich  have  just  separated  from  each  other.  (D)  Telophase.  During  this  stage 
the  contracted  chromosomes  arc  prc.sscd  close  together  at  each  end  of  t?i( 
cell.  A  wall  is  sulmuptcnthj  formed  across  the  celi  forming  tico  ‘'daughter" 

cells  with  the  .same  number  and  kind  of  chromo.somes  as  exist  in  tin-  ori<nnal 
cell.  ^ 
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Fig.  9-2.  Mciosis  in  pepper.  This  species  has  24  chrotno.sonies  in  the  vegetative 
cells  {2n  =  24).  Sate  that  there  are  2  divisions  in  mciosis.  (A)  In  the  pro¬ 
phase  of  the  first  division,  the  24  chronumnnes  pair  up  alono  their  length 
at  the  sante  time  that  they  appear  doubled.  This  can  he  seen  clearly  in  the 
bottom  of  the  picture.  (B)  At  metaphase  of  the  first  division,  12  pairs  ol 
chromo.somes  are  visible  on  the  equatorial  plate  (face  view).  Each  chromo- 
.some  pair  con.sists  of  2  doubled  chiomosomes  (4  chromatids).  (C)  Anaphase 
of  the  first  division.  (D)  Telophase  of  the  fir.st  division.  (L)  Metaphase  of 
the  second  division:  one  plate  is  a  face  view;  the  other  is  a  side  vieu. 
(E)  Telophase  of  the  .second  division.  Walls  will  be  formed  acro.ss  the  (< 
to  form  4  pollen  trains,  each  containing  12  chromosomes.  Each  pain  will 
contain  half  as  many  chromo.somes  as  the  oripnal  cell. 
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less  ()l)vious  but  most  important  effect  of  meiosis  is  the  reassortment  ol 
chromosomes,  wliicli  are  distributed  to  the  gametes. 

The  basic  difference  lietween  mitosis  and  meiosis  occurs  at  tlie  first 
division.  In  meiotic  division  tlie  chromosomes  ])ecome  N’isibly  douljle,  as 
tliey  do  in  mitosis,  but  this  is  tlie  last  time  the  cliromosomes  dix'ide,  al¬ 
though  the  cells  will  di\'ide  once  more.  Unlike  mitosis,  the  two  homologous 
chromosomes,  now  \'isibly  doubled,  pair  up  {st/iKipse)  along  their  length. 
Tlie  attraction  between  the  doubled  chromosomes  changes  to  repulsion, 
and  each  doubled  chromosome  of  a  pair  moves  to  opposite  poles  of  the 
cell.  -As  a  result  the  cell  has  half  as  many  “whole”  chromosomes  at  each  end. 

.Apparently,  when  the  chromosomes  pair  at  the  first  division  an  actual 
e.xchange  of  segments  (crossovers)  occurs  between  homologous  chromo¬ 
somes.  (This  e.xchange  in\’oK'es  the  chromatids,  the  lialf  chromosomes.)  The 
precise  mecT.anism  bv  which  the  exchange  of  chromosome  material  takes 
place  is  still  not  fully  understood.  The  net  result  of  the  first  di\’ision  is  thus 
not  only  a  reduction  in  chromosome  number  but  a  rearrangement  of 
segments  between  homologous  chromosomes.  In  the  second  division,  which 
immediately  follows  the  first,  the  division  of  doubled  chromosomes  is 
similar  to  that  of  mitosis.  However,  owing  to  the  previous  crossovers  these 
two  daughter  nuclei  may  not  be  duplicates  of  each  other. 


Consecjucnces  of  Sexual  Reproduction 

The  genetic  conserpiences  of  sexual  propagation  are  more  fully  dis¬ 
cussed  in  Chapter  10,  but  a  brief  discussion  will  be  given  here.  Plants 
that  are  continually  self-pollinated,  such  as  the  tomato  or  pea,  contain  es- 
.sentially  similar  pairs  of  genes  on  homologous  chromosomes  (that  is,  thev 
are  homozygous).  Homozygous  plants  will  reduplicate  themselves  exactly 
hy  sexual  reproduction,  or  breed  true.  Plants  that  tend  to  cross-pollinate, 
such  as  the  petunia  or  cucumber,  will  ha\’e  man\'  dissimilar  pairs  of  genes 
on  homologous  chromosomes  (that  is,  they  are  heterozi/oous) .  Sexual  re¬ 
production  constantly  rearranges  these  genetic  factors.  Cross-pollinated 
plants  do  not  breed  true,  but  se^re<^ate. 

The  problem  of  reproducing  a  particular  plant  exactly  thus  depends  on 
Its  natural  method  of  pollination.  Seed  propagation  will  duplicate  naturally 
any  plant  that  is  highly  self-pollinated  l)ecause  such  plants  tend  to  be 
liomozygous.  .A  particular  cross-pollinated  plant  can  only  be  duplicated  ex¬ 
actly  by  asexual  uu'thods  bccau.se  it  is  heterozygous.  However,  a  high 
degriv  of  uniformity  in  some  character  may  be  aciikned  in  the  seed  propa¬ 
gation  of  cross-polhuated  plants  as  a  result  of  constant  selection,  kkir  ex- 
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ample,  in  well-selected  petunia  \’aiieties  each  plant  may  have  the  same 
flower  color,  although  it  can  be  demonstrated  that  the  plants  are  not 
identical  for  all  characters. 


SEED  PROPAGATION 

Seed  is  the  most  common  means  of  propagation  for  self-pollinated  plants, 
and  is  extensiN'elv  used  for  manv  cross-pollinated  plants.  It  is  often  the 
only  possible  or  practical  method  of  propagation.  There  are  many  ad- 
\  antages  in  propagating  bv  seed.  It  is  usually  the  cheapest  method  of  plant 
propagation.  Seeds  also  offer  a  convenient  method  for  storing  plants  o\er 
time.  When  kept  drv  and  cool  seeds  remain  viable  from  har\est  to  the 
following  planting  season,  and  some  seeds,  such  as  Indian  lotus  (Nclumbo 
nncifera) ,  remain  viable  for  as  long  as  1000  years.  Another  advantage  to 
seed  propagation  is  that  it  provides  a  method  for  starting  “disease-free” 
plants.  This  is  especially  important  with  respect  to  virus  diseases,  since  it 
is  almost  impossible  to  free  infected  plants.  Most  virus  diseases  are  usually 
not  seed  transmitted.  The  major  disadvantages  to  seed  propagation,  be¬ 
sides  the  already  discussed  genetic  segregation  in  heterozygous  plants,  is 
the  long  time  re([uired  in  some  plants  from  seed  to  maturity.  For  example, 
eight  years  are  often  re([uired  for  pears  to  fruit  from  seed.  Potatoes  do 
not  produce  large  tubers  the  first  year  w’hen  growm  from  seed.  Here 
asexual  propagation  not  only  provides  trueness  to  type  but  in  many  plants 
saves  several  years. 


Seed  and  Development 

The  seed  is  the  result  of  complex  growth  and  developmental  events. 
These  include  the  dev'elopment  of  the  pollen  and  embiwo  sac  ( male  and 
female  gametophyte),  pollination,  fertilization,  and  maturation  processes. 


Pollen  Formation 

In  the  anther,  ])olIen  tnother  cells  undergo  meioses  to  produce  microspores 
—haploid  male  spores  that,  when  developed,  are  known  as  pollen.  The 
pollen  grain  can  be  thought  of  as  a  separate  plant,  the  male  oameloplnjle 
(Fig.  9-3).  This  haploid  “plant”  producing  the  male  gametes  is  the  remnant 
of  die  gametophytic  gemeration,  which  may  be  well  developed  in  more 
primiti\-e  plants,  such  as  ferns  and  mosses.  In  seed  plants  this  stage  is  very 
much  reduced,  d'he  haploid  nucleus  of  the  microspore  divides  mitotically 
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Fig.  9-3.  The  life  cycle  of  corn  (Zea  mays),  illustrating  pollen  and  embryo  sac 
formation. 

[Adapted  from  Sil)  and  Owen,  General  Genetics,  Freeman,  San  Francisco,  1952.] 


to  form  the  generative  nucleus  and  the  tube  nucleus.  The  generati\e  nucleus 
often  appears  to  have  cytoplasm  associated  with  it,  resembling  a  cell  w'ithin 
a  cell.  The  generative  nucleus  is  destined  to  divide  mitotically,  either  in  the 
grain  or  in  the  pollen  tube,  to  form  two  nuclei — the  male  gametes. 

Embryo  Sac  Formation 

There  is  no  common  term,  unless  it  be  “embryo  sac,”  that  corresponds  to 
the  word  “pollen.”  This  is  probably  because  the  embrvo  sac  is  inconspicu¬ 
ously  located  inside  the  enlarged  base  of  the  pistil.  The  megaspore  mother 
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cell,  l)()ine  inside  a  specialized  region  in  tlie  o\'ary  called  the  o\'nle,  nnder- 
goes  ineiosis  to  produce  four  haploid  cells.  Of  the  four  haploid  cells  pro¬ 
duced,  three  disintegrate.  The  remaining  cell,  the  nic^aspore,  or  female 
spore,  divides  mitotically  and  when  mature  develops  into  the  fettude  gaoicto- 
pJiijte,  or  ctnbn/o  sac.  This  development  proceeds  in  various  wavs.  Most 
commonly,  however,  the  haploid  nnclens  undergoes  three  successive  mitotic 
divisions.  The  eight  resulting  nuclei  form  a  cell  membrane  aronnd  them  and 
arrange  into  three  groups  within  the  embryo  sac.  The  middle  of  the  three 
cells  at  the  micropylar  end  develops  into  the  female  gamete,  the  egg  cell. 
The  two  j)oIar  cells  at  the  center  of  the  embryo  sac  will  eventually  be  part  of 
the  endosperm.  The  function  of  the  two  cells  (synerg^ids)  that  accompany 
the  egg  cell  or  the  three  cells  (anfipodaJs)  at  the  other  end  of  the  embryo 
sac  is  obscure. 


Pollination 


Pollination  refers  to  the  transfer  of  pollen  from  the  anther  to  the  stigma. 
The  transfer  of  pollen  to  any  flower  on  the  same  plant  or  clone  is  self- 
pollination,  (or  selfing);  the  transfer  of  pollen  to  a  flower  on  a  different  plant 
is  cross-pollination.  Self-pollination  is  usually  accomplished  by  gravity  or  by 
the  actual  contact  of  the  shedding  anther  with  the  sticky  stigmatic  surface. 
In  cross-pollination  wind  and  insects  are  the  important  agents  of  pollen 
transfer.  Most  plants  both  self-  and  cross-pollinate  naturally,  with  the  pro¬ 
portion  varying  depending  upon  functional  or  strnctnral  features  of  the 
flower  or  on  genetic  incompatibility.  Plants  are  referred  to  as  naturally  self- 
pollinated  when  the  amount  of  cross-pollination  is  less  than  about  4^;  as 
often  cross-pollinated  when  self  pollination  is  more  frequent  than  cross¬ 
pollination;  and  as  naturally  cross-pollinated  when  cross-pollination  is  pre¬ 
dominant. 

Natural  self-pollination  is  achieved  through  functional  and  structural  fea¬ 
tures  of  the  flower.  Flowers  that  lend  themselves  to  this  mode  of  pollination 
are  perfect;  that  is,  they  contain  both  stamens  and  pistils.  In  some  plants, 
such  as  the  violet,  the  shedding  of  pollen  before  the  flower  is  open  {cleis- 
togamous  flower)  insures  self-pollination.  A  common  structural  featuie  of 
self-pollinating  plants  consists  of  a  pistil  growing  through  a  sheath  or  ring 


of  anthers,  as  in  the  tomato. 

Cross-pollination,  typical  of  many  horticultural  plants,  is  brought  about 
in  many  different  ways.  The  most  basic  is  the  separation  of  stamens  and 
pistils  into  separate  flowers  (nwnoecism)  as  in  corn  and  cucumbers.  Tl.e 
extreme  form  of  this  is  the  separation  of  staminate  and  pistillate  flowers  ni 
different  plants  {dioecism),  as  in  spinach,  asparagus,  and  holly.  However. 
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many  perfect  flowered  plants  cross-pollinate.  lliis  is  acln’eved  by  anatomical 
or  physiological  features  of  the  flower  wliich  prevent  self-pollination.  Foi 
example,  the  differential  maturation  of  stamens  or  pistils  will  prevent  natural 
selling.  The  structural  features  of  the  flower  that  insure  cross-pollination  are 
often  related  to  pollen  transfer  by  insects.  Among  the  special  adaptations 
that  aid  in  insect  pollination  are  petal  color,  odor,  and  presence  of  nectar. 
In  some  plants  an  intimate  interdependence  exists  between  the  plant  and 
the  insect.  For  example,  pollination  of  the  Smyrna  fig,  which  produces  only 
female  flowers,  is  carried  out  by  the  Blastoplioga  fig  wasp.  This  wasp  de¬ 
velops  onlv  in  the  wild,  inedible  caprifig,  which  produces  only  male  flowers, 
hence  the  name  caprification  for  this  process.  The  winged  female  wasp  es¬ 
capes  from  the  caprifig  covered  with  pollen  and  will  enter  Smyrna  figs  and 
in  the  process  effect  pollination.  The  Smyrna  fig,  not  suitable  for  the  devel¬ 
opment  of  the  wasp,  requires  the  presence  of  the  caprifig  for  development. 

Incompatibilitv  (self-sterility )  is  a  physiological  mechanism  that  prevents 
self-fertilization.  A  genetic  factor  ( or  factors )  serves  to  prevent  pollen  tubes 
produced  by  the  plant  from  growing  in  the  style  of  the  same  plant.  Incom¬ 
patibility  factors  prevent  self-pollination  in  such  crops  as  cabbage,  tobacco, 
petunia,  and  apple. 

Fertilization 

The  pollen  grain,  after  landing  on  the  stigmatic  surface  of  the  pistil,  ab¬ 
sorbs  water  and  other  substances  such  as  sugars,  and  forms  a  tube.  The 
tube  literally  grows  down  the  style  to  the  embrvo  sac.  The  pollen  tube 
penetrates  the  embryo  sac,  where  one  male  gamete  unites  with  the  egg  to 
form  the  zifgote.  After  mitotic  div'ision  the  zygote  becomes  the  einhn/o  of 
the  resultant  seed.  The  other  male  gamete  fuses  with  the  t\N’o  polar  nuclei 
and  forms  the  endosperm.  This  complete  process  is  referred  to  as  doidde 
fertdization. 


Seed  Maturation 

Fertilization  initiates  rapid  growth  of  the  ovary  and  subsecpient  develop¬ 
ment  of  the  seed.  Usually  the  ovary  will  not  develop  unless  it  contains  \iable 
and  growing  seed.  Common  exceptions  ( partlienocarpi/ )  are  seedless  grapes 
and  oranges.  In  these  the  developing  seed  breaks  down  at  an  early  point  in 
its  development.  The  growth  of  the  fruit  has  been  discussed  in  Chapter  5. 

The  growth  pattern  of  a  developing  lettuce  seed  is  presented  in  Fig.  9-4. 
Note  that  the  development  of  the  embryo  is  preceded  b>'  endosperm  growth. 
\Micti  rapid  growth  of  the  embryo  begins,  it  does  so  at  the  expense  of  the 
endosperm.  1  he  amount  of  endosperm  at  maturity  \aries  with  different 
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Fig.  9-4.  Growth  of  onc-seeded  fruit  of  lettuce.  Note  that  the  early  growth  of 
endosperm  precedes  that  of  the  embryo. 

[Adaptod  from  Hartmaim  and  Kestcr,  Plant  Praimgation,  Prentice-Hall,  Englewood  Cliffs,  1959; 
After  Jones.] 


plants.  The  eiidosperni  may  be  completely  absorbed  at  seed  maturity,  in 
wbicb  case  stored  food  may  be  in  the  embryo  itself,  as  in  the  cotyledons  of 
bean  seeds. 


Seed  Frodiietion  and  Ilandlhifi 

Altbougb  the  area  of  seed  production  of  some  flowers  and  vegetables  (for 
example,  tomato,  watermelon)  is  the  same  as  the  area  of  crop  pioduction, 
most  seed  crops  are  grown  in  specialized  locations.  (The  principal  boiticnl- 
tiiral  seed-producing  areas  of  the  United  States  are  in  the  western  statts, 
principally  Idaho  and  California.)  The  limitation  may  be  imposed  by  spe¬ 
cific  flowering  retpiirements,  such  as  cold  induction  or  pbotoperiod.  In  addi¬ 
tion,  there  are  specialized  refiuirements  of  seed  production:  low  moistnie 
at  harvest  to  permit  proper  maturation  of  the  .seed  and  to  reduce  the  inci¬ 
dence  of  fungal  and  bacterial  di.sea.se;  and  isolation,  which  is  re(|uirc-d  to 
prevent  contamination  in  cro.ss  pollinating  species.  For  example',  .sweet  corn 
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sc(>(l  cannot  be  produced  in  the  Midwest  ])eeanse  the  abundance  of  polkni 
from  fi(“Id  corn  or  popcorn  would  result  in  inuU'sirable  hybrids.  \’erv  little 
tree  and  slirnb  seed  is  grown  eomnuMcially.  dins  seed  is  eolleetc'd  from  natu¬ 
ral  stands,  from  nurseries  and  arboreta.  Seed  from  fruit  trees,  the  seedlings 
of  which  are  often  used  as  root  stocks,  is  obtained  as  a  by-product  of  the 
fruit-processing  industry. 

.\  considerable  amount  of  hand  labor  is  recjuired  in  the  harvesting  of 
flower  and  x’egetable  seed.  This  is  particularly  true  of  species  in  which  the 
seed  head,  or  pods,  shatter  easily  or  of  plants  on  wdiich  the  seed  matures 
gradually,  such  that  at  any  one  time  there  may  be  mature  seed  pods,  flow'crs, 
and  flower  buds.  Examples  arc  aquilegia,  delphinium,  salvia,  petunia,  and 
pansy.  One  great  advantage  of  hand  picking  is  that  the  cleaning  operations 
are  greatly  simplified.  With  other  crops  the  entire  plant  is  cut  and  placed 
on  sheets  of  canvas  or  in  windrow's  to  dry  and  is  then  threshed.  This  pro¬ 
cedure  is  used  with  carnation,  centanrea,  dai.sy,  gypsophila,  hollyhock,  lark- 
.spur,  French  marigold,  lychnis,  phlox,  scabiosa,  snapdragon,  verbena,  sw'eet- 
pea,  nasturtium,  and  morning  glory. 

In  many  crops  the  seed  must  be  extracted  or  milled  from  the  fruits  and 
then  cleaned.  The  separation  of  the  seed  from  fleshy  fruits  such  as  the 
tomato  is  accomplished  through  fermentation  of  the  macerated  pulp.  Seed 
is  removed  from  dried  pods  or  seed  heads  by  milling.  Cleaning  is  facilitated 
by  differences  in  size,  density,  and  shape  of  the  seed  in  comparison  with  the 
plant  debris  or  other  seeds  w^hich  are  har\’ested  incidentally.  Screens  may 


be  used  to  separate  large  particles  from  the  seed.  Small  light  fragments  are 
blown  from  the  seed  by  passing  an  air  stream  through  the  seed  as  it  passes 
from  one  screen  to  another  or  as  it  is  passed  across  a  porous  bench  or  against 
an  inclined  plane.  The  heax  ier  seed  remains  at  the  base  w  hile  lighter  mate¬ 
rial  mox’es  up  the  plane.  Seeds  or  particles  that  are  of  the  same  density  as 
the  crop  seed  but  of  a  different  shape  can  be  remoxed  on  an  “indent  ma¬ 
chine.”  A  xvheel  covered  with  indentations  is  passed  through  a  mass  of  seed, 
and  each  “indent  picks  up  a  seed.  The  size  and  shape  of  the  indentation  is 
determined  bx'  tlie  crop  being  cleaned.  Some  seeds,  particularly  beans  and 
peas  can  be  separated  on  the  basis  of  color.  Single  seeds  are  picked  up  bx 
suction  through  perforations  on  a  holloxv  xvheel  and  then  are  passed  througii 
a  photoelectric  cell.  If  the  cell  detects  a  seed  of  the  wrong  color,  a  dexice 
releases  the  vacuum  and  ejects  the  seed.  Throughout  the  milling  and  clean¬ 
ing  operations,  extreme  care  must  be  taken  in  the  adjustment  of  the  machin- 
erx-.  Seeds  which  are  chipped  or  damaged  may  be  reduced  in  xiabilitv  or 
may  produce  abnormal  seedlings. 
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Seed  St()ra(^e 

The  storage  life  of  seeds  varies  greatly  with  species.  With  any  species  the 
longevity  is  greatly  affected  by  storage  conditions.  Most  seeds  retain  the 
highest  viability  in  a  relative  hnmiditv  of  4-6%,  although  some  species  (for 
example,  silver  maple,  citrus)  lose  \  iabilit\'  under  low  moisture.  The  best 
temperatures  for  storing  manv  seeds  ha\'e  been  shown  to  be  between  0  and 
32° F.  Actual  storage  conditions  re(|uired  for  seed  depends  ultimatelv  on  the 
species  and  on  the  length  of  storage  time  desired.  For  most  seeds,  tempera¬ 
tures  of  32-5()°F  and  a  relative  hnmiditv  of  50-65%  is  ade(juate  to  maintain 
full  \  iabilitv  for  at  least  one  vear. 


Germination 

Germination,  the  series  of  events  from  dormant  seed  to  growing  seedling, 
is  dependent  upon  seed  v'iabilitv,  the  breaking  of  dormancy,  and  suitable 
eiwironmental  conditions.  The  germinating  seed  and  young  seedlings  are 

Fig.  9-5.  Germination  of  corn  seed  is  being  tested  by  the  '‘rolled  toi^eF  tech- 
ni(jue.  One  hundred  seeds  arc  placed  on  moist  ])aper  toicling,  which  is  sealed 
in  wax  paper,  rolled,  and  stored  under  standardized  temperature  conditions. 
After  seven  days,  the  percentage  germination  is  evaluated. 


[PhotoKraph  liy  J.  C.  .MU'ii  &  Son.] 
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MilmM-ahlo  to  certain  diseases  (for  example,  damping-off), 
must  l)e  provided. 


tliiis  protection 


\’iahility 


Seed  viability  refers  to  the  percentage  of  seed  that  will  complete  germina¬ 
tion,  the  speed  of  germination,  and 
the  resulting  \igor  of  seedlings. 

The  \iahilitv  of  seed  lots  can  he 
determined  h\’  standardized  testing 
procedures.  Prohahly  the  most  sig¬ 
nificant  measure  of  N’iahility  is  the 
germination  pereentage,  the  per¬ 
centage  of  seed  of  the  species 
tested  that  produces  normal  seed¬ 
lings  under  optimum  germinating 
conditions  (Fig.  9-5).  Germinating 
tests  are  usuallv  performed  on 
moistened  absorbent  paper  under 
riiiidlv  controlled  en\'ironmental 
conditions  (Fig.  9-6).  The  length 
of  the  test  \’aries,  for  some  species 
are  notoriously  slow  to  germinate. 

Perhaps  the  greatest  problem  is  in 
distinguishing  between  dormant 
and  nonviahle  seed.  Seed  dormanev 
must  he  overcome  to  obtain  a  re¬ 
liable  test.  A  rapid  chemical  test  in¬ 
volving  tetrazolium  ( 2,3,5-triphen- 
yltetrazolium  chloride)  makes  it 


Fig.  9-6.  Seed  genninator  icith  com¬ 
plete  environmental  control  including 
light.  Thi.s  germinator  was  designed  for 
the  Indiana  State  Seed  Lahoratorij. 

[Photofiraph  liy  J.  C.  Allen  &  Son.] 


possible  to  evaluate  viahilitv  in 

nongerminating  dormant  seed.  Li\ing  cells  color  red,  whereas  nonliNiniz 
cells  show  no  color. 


Breaking  Dormancy 

The  hi  caking  of  dormancy  and  the  creation  of  a  suitable  enx  ironment  are 
necessary  to  initiate  the  germination  process.  The  treatments  depend  on  the 
type  of  dormancy  involved  (see  Chapter  5).  They  include  scarification, 
stratification,  embryo  culture,  or  xarious  combinations  of  these  treatments, 
with  suitable  eiwironment  control. 
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SCAHIFICATION.  T1h>  gci iiiiiiatioii  of  seed  that  contains  an  impervious 
siH'd  coat  may  he  promott'd  l)y  srarifical ion — the  alteration  of  the  se<‘d  coat 
to  rcMider  it  permea})le  to  gaseous  and  water  exeluinge.  This  is  aeeomjilished 
hy  a  numher  of  teehni([ues,  mechanical  methods  involving  abrasive  action 
l)eing  the  most  common.  The  action  of  hot  water  ( 17()-212°F)  is  effective  in 
honey  locust  seed.  Seed  can  l^e  scarified  by  the  corrosix'e  chemical  action 
of  sulfuric  acid. 


DRY  STOR.AGE  AND  STR A Ti F I c A T I () .v .  Sccd  tluit  will  iiot  germinate  im¬ 
mediately  after  haiwest  re(juires  dry  storage  for  a  period  of  davs  or  mor.ths. 
The  pln’siological  basis  of  this  t\pe  of  dormancy  is  not  clear  but  has  heen 
associated  with  the  evolution  of  volatile  inhibitors.  The  afterripening  of 
some  seeds  re([uires  a  period  of  moist  storage  known  as  stratification. 

Cold-stratification — the  afterripening  of  dormant  embryos  by  storing  them 
at  higli  moisture  and  low  temperature — is  a  prerecpiisite  for  the  uniform 
germination  of  many  temperate  zone  species,  such  as  apple,  pear,  redlmd. 
The  eold-stratifieation  of  apple  and  pear  seed  involves  storing  the  moist 
aerated  seed  at  around  32°F.  The  germination  percentage  increases  with 
time  until  the  third  month  of  treatment.  The  stratification  media  consists  of 
moist  soil,  sand,  and  peat  or  such  sxnthetic  substances  as  vermiculite.  .\n 
effectix  e  means  of  preventing  the  loss  of  moisture  and  of  providing  an  ade- 
(piate  e.xchange  of  o.xygen  and  carbon  dioxide  consists  in  sealing  the  seed 
in  poK'etlnlene  bags  containing  a  moist  blotting  paper. 

Wann-.st ratification — moist  storage  above  approximately  45° F — promotes 
germination  in  some  species  as  a  result  of  microbial  decomposition  of  the 
seed  eovering.  Seed  such  as  viburnum,  w'hich  possesses  different  types  of 
dormanev  {double  dormancy),  are  first  icarni-  and  then  co/d-stratified.  in 
seeds  such  as  redbud  a  combination  of  scarification  and  cold-stratification 
is  used. 


Environmental  Factors  .\flecting  Germination 

The  germination  of  seed  that  does  not  recpiire  afterripening,  or  of  seed 
that  has  had  this  recpiirement  satisfied,  depends  upon  external  einiron- 
mental  factors,  namely,  water,  faxorable  temperature,  oxygen,  and,  some¬ 
times,  light. 

The  amount  of  water  re([uired  for  germination  \aries  somewhat  with  dif¬ 
ferent  species.  For  example,  celer\-  reciuires  that  soil  moisture  be  near  fieltl 
capacity,  whereas  tomato  will  germinate  with  soil  moisture  just  above  the 
permanent  wilting  point.  For  most  seed,  overwet  conditions  are  harmful, 
since  they  prevent  aeration  and  promote  disease.  However,  moisture  must 
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he  maintained  during  germination  lest  the  germinating  seedling  dry  out. 
Shading  to  conser\’e  moisture  is  recommended  until  germination  is  complete. 
The  use  of  glass  over  seed  flats  conserx'es  moisture,  hut  care  should  be  used 
to  pre\’ent  the  seeds  from  getting  too  hot. 

Table  9-1.  Soil  temperatures  for  vegetable  seed  germination- 

[From  Hartmann  and  Kester,  Plant  Propagation,  Prentico-Hall,  New  Jersey,  1959;  after  Harrington 
and  Minges.] 

M  I  N  I  M  I'  M 


‘,H°¥ 

MfV 

.50°  F 

(;(I°F 

Kiidive 

Heet 

I’arsley 

Asparagus 

Bean.  Lima 

( )kra 

Lettuce 

Ihoceoli 

IVa 

Sweet  ('orn 

Bean.  Snap 

lV|)per 

( tnion 

('ahbage 

Radish 

Tomato 

C'ueumher 

Rumjtkin 

I’arsiiip 

(a  rrot 

Swiss  (’hard 

Eggplant 

Stjuash 

Spinach 

('auliHowe 

r  Tuniij) 

Muskmelon 

Watermelon 

('elery 

O  P  T  1  M  U  M 


7n°F 

<.)  r 

80°  F 

8.-j°F 

;).5°F 

Celery 

As])aragus 

Bean,  Limit 

Bean,  Snap 

lVj)|)er 

C’ueumher 

l*arsni|) 

Endive 

(a  rrot 

Beet 

Radish 

Muskmelon 

Spinach 

Lettuce 

Can  li  Mower 

Broccoli 

Sweet  (  orn 

Okra 

IVa 

( )nion 

('al)hage 

Swiss  (’hard 

Rumjtkin 

Bit  rsley 

Eggplant 

d'omato 

Stjuash 

I’urnip 

Watermelon 

M  A  X  I  M  r  M 


7.>°F 

8.7°  F 

!).7°F 

1U.)°F 

(’elery 

Endive 

Lettuce 

Spiiiiteh 

Beaus  Lima 
Rarsnij) 

IVa 

Asitaragus  Eggplant 
Bean.  Snaj)  Onion 

Beet  Rarsley 

Broccoli  Re|)i)er 

Ciihbage  Radish 

(  arrot  Swiss  (  luird 

(  iuihtlowcr  r(»miito 

(’ucuml)er  Stiuash 

Muskmelon  Sweet  (  orn 
Okra  Turnip 

Rumitkin  Watermelon 
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Tlu*  effect  of  temperature  upon  geriuiuatiou  varies  witli  the  species  iu- 
\olvecf  aucf  is  related  somewhat  to  tlie  temperature  recpiiremeut  tor  optimum 
growth  of  the  mature  plant  (Table  9-f).  In  general,  the  germination  rate 
increases  as  temperature  increases,  although  the  highest  germination  per¬ 
centage  mav  be  at  a  relativelv  low'  temperature.  An  alternating  temperature 
is  usually  more  fa\’orable  than  a  constant  temperature.  Because  of  its  critical 
role  in  respiration,  oxygen  is  necessary  for  seed  germination  in  all  plants 
except  some  water-loxing  species  (for  example,  rice,  cattails).  The  use  of 
proper  drainage  and  tilth  in  seed  beds  promotes  rapid  germination,  largely 
as  a  result  of  good  aeration  (Fig.  9-7). 

The  effect  of  light  in  stimulating  or  inhibiting  the  germination  of  some 
seed,  discussed  in  Chapter  5,  is  a  reversible  red-far  red  phenomenon.  To 
produce  good  stocky  plants  ample  light  must  be  supplied  during  early  seed¬ 
ling  growth. 


Fig.  9-7.  Good  seedbed  preparation  promotes  rapid  seed  ger¬ 
mination. 

[Coiutesy  POrcl  Motor  Co.,  Tractor  and  Implcnu’nt  l)iv.] 
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Tlie  actiiin  of  certain  salts  l.as  been  sbosr  ii  to  infloonce  germination.  .M 
concentrations  of  ll.l-(l.2*,  potassium  nitrate  srill  increase  gcrnnnalion  in  a 
number  of  plants,  ami  is  nserl  in  seed  testing.  In  general,  Ingb  salt  concen- 
trations  brought  about  by  overfertilization  inhibit  germination. 

Kmliryo  Culture 

Tlie  artifieial  eulture  of  the  embryo  is  used  to  facilitate  seed  germination 
in  eertain  speeies.  For  example,  the  embryo  in  many  early-ripenmg  peaches 
(for  example,  the  Mayflower)  is  not  sufficiently  mature  to  germinate  when 
the  fruit  is  ripe.  This  problem,  a  serious  impediment  to  the  breeding  of  eaily 
ripening  peaches,  can  be  overcome,  however,  by  excising  the  embryo  from 
the  pit  and  culturing  it  under  aseptic  conditions  in  media  pro\  iding  ceitain 

nutrients. 

Tnrkey'.s  Solution  for  ('iiltiiriiif'  Mature  and  Kelatively  liiuuature  Fnil)r>o.s 

Stock  Chemical  Relative  amoimt.s 


K('l 

.) 

(;aS()4 

1  .-V) 

MgSth 

1  .^2.5 

Ca;i(R04)2 

1  .^2.5 

l'e3(I’04).. 

1 .2.) 

KX(h 

1 

r.se  l.-j  g  of  mixture/liter  of  water. 

This  teehniijue  is  also  used  in  viburnum  to  escape  dormancy.  The  routine 
germination  of  orchid  seed  involves  culture  in  artificial  media.  These  seeds, 
which  are  almost  microscopic  in  size,  consist  of  a  simple,  undifferentiated 
embrvo  and  contain  no  reserve  food. 

Knudson’s  Solution  R  for  Crowing  Orchid  Seedlings 


(ing/liter) 

Ca(N()3)o- 411,0 

loou 

agar 

17. .5  g 

(xn4)2S04 

.500 

snerose 

20.0  g 

KIl  J’O, 

2.50 

MgS04-7H,0 

2.50 

I'elM  >4- 411,0 

.50 

Disease  Control 

Disease  is  a  critical  factor  in  the  germination  process.  This  is  e.speciallv 
true  for  seed  that  must  be  stratified  or  which  reipiires  an  extensi\  e  period  of 


Mechanisms  of  Pmpa^aiion  [Chap.  9] 

time  to  gcMirn'iiate.  Tlio  control  of  tlicsc  cliscasc.s  is  an  intcj^ral  j)art  of  the 
tcclinologN’  ol  seed  propagation. 

I  lie  major  diseases  of  germinating  seeds  are  grouped  nndi'r  the  single 
name  dampin^-of] .  It  is  caused  1)\'  a  nmnher  ol  s(*parate  Inngi,  mainly 
species  of  Pfjthiiim,  Rhizoctonia  and  Phiftophthova.  The  disease  is  expressed 
either  by  the  failure  of  the  seedling  to  emerge  or  by  the  death  of  the  seed¬ 
ling  shortly  after  emergence.  A  common  symptom  is  the  girdling  of  young 
seedling  stems  at  the  soil  surface.  Damping-off  nsnally  occurs  only  in  young, 
succulent  seedlings  during  or  shortly  after  germination,  but  older  plants  may 
be  affected  in  sev'ere  cases.  Damping-off  can  be  sexere  in  both  greenhouse 
and  field  soils  and  often  is  a  limiting  factor  in  the  success  of  seed  propaga¬ 
tion.  Protection  from  this  and  other  seedling  diseases  inyoKes  both  the 
direct  control  of  the  organism  and  the  regulation  of  enyironmental  condi¬ 
tions  such  that  they  fayor  the  rapid  growth  of  the  plant  rather  than  the 
growth  of  the  pathogens. 


SEED  .\ND  SOIL  TREATMENT.  A  number  of  seed  treatments  are  ayailable 
to  either  eliminate  the  organisms  from  the  seed  or  to  provide  protection  to 
the  seedling  vyben  planted  in  infested  soil.  These  consist  in  coating  the  seed 
with  a  suitable  fungicide,  such  as  mercuric  chloride,  cuprous  oxide,  calcium 
hypochlorite.  A  common  seed  treatment  involyes  a  5-minnte  dip  in  a  10'^ 
solution  of  Chlorox  (which  is  a  5.25%  solution  of  sodium  hypochlorite).  A 
number  of  commercial  compounds  prepared  for  seed  treatment  are  avail¬ 
able.  The  treatment  of  seeds  in  hot  water  ( 122°F  for  1.5-30  min)  has  been 
used  for  seed-borne  diseases  of  vegetables  (for  example,  .-Mternaria  of 
onion).  Such  treatment  must  be  precise,  howT'ver,  or  the  seed  may  be  seri¬ 
ously  injured. 

Soil  may  be  treated  by  applying  fungicides  to  the  upper  surface  or  by 
applying  heat.  Raising  the  soil  temperature  to  180°F'  for  .30  min  (“pasteur¬ 
ization”)  is  always  recommended  for  potting  soils  to  control  weeds  and 
nematodes,  as  w’ell  as  damping-off  organisms.  Complete  sterilization  of  soil 
interferes  w  ith  nutrient  availability  and  should  be  avoided.  Sphagnum  moss 
has  proved  satisfactory  as  a  germination  and  stratification  media  for  some 
seeds  because  inhibitors  and  low'  /dl  prevent  the  growth  of  many  of  the 
damping-off  organisms.  The  use  of  sterile  media  such  as  sand,  \ermiculite, 
or  perlite  may  be  desirable  for  seed  germination.  However,  care  must  be 
taken  to  avoid  recontamination  of  sterilized  soil.  The  low  population  of 
natural  predators  (bacteria  and  other  fungi)  may  result  in  great  damage  if 
this  soil  becomes  reinfested  with  the  pathogen. 
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CONTROL  OF  THE  ENVIRONMENT.  Ally  environmental  effect  that  en- 
conrages  more  rapid  plant  growth  as  compared  to  the  buildup  of  pathogens 
is  effecti\e  in  the  control  of  seedling  diseases  such  as  damping  off,  because 
older  seedlings  appear  to  resist  attack.  I’he  temperatures  most  favorable  to 
damping-off  fungi  lie  between  approximately  70°  and  85°F.  Thus,  damping- 
off  tends  to  be  severe  when  cool-season  crops  are  germinated  at  tempera¬ 
tures  that  are  too  high,  and  \ice  versa.  For  best  control  germinating  tem¬ 
peratures  should  be  optimum  for  the  crop.  This  principle  can  be  utilized  in 
the  control  of  damping-off  in  the  field  by  regulating  planting  dates.  Good 
viable  seed  and  rapid  seedling  growth  are  important.  Many  of  the  fungi  re¬ 
sponsible  for  damping-off  are  water-loving,**  and  are  encouraged  in  wet  soils. 
Cloudv  weather  and  periods  of  poor  drying  encourage  the  damping-off  com¬ 
plex;  consecpientlv,  frecjuent  and  shallow  watering  should  be  avoided  after 
planting. 

Sanitation  to  reduce  the  buildup  of  organisms  responsible  for  damping-off 
should  be  practiced  in  the  greenhouse,  where  this  trouble  is  a  perpetual 
problem.  This  involves  eliminating  plant  refuse,  disinfecting  the  ualks  and 
the  potting  area,  keeping  unsterilized  soil  out  of  the  potting  area,  and  gen¬ 
eral  cleanliness. 


Planting 

Seed  may  be  either  sown  in  a  permanent  location  {direct  seeding)  or 
planted  first  in  some  container  from  which  the  young  plants  can  be  trans¬ 
planted  once  or  many  times  before  permanent  planting.  The  growing  of 
transplants  makes  it  possible  to  provide  precise  en\  ironmental  control  dur¬ 
ing  the  critical  stages  of  germination  and  early  seedling  grow  th.  Manv  orna¬ 
mentals  and  vegetables  for  early  production  are  grown  from  transplants. 


Direct  Seeding 

Plants  that  are  difficult  to  transplant,  or  for  which  the  indixiudal  value 
of  the  plant  does  not  justify  the  trouble  and  expense  that  transplanting  en¬ 
tails,  are  grown  by  direct  seeding.  Many  of  the  common  \egetables  are 
always  direct  seeded  (for  example,  beans,  sw^eet  corn,  radishes)  (Fig.  9-8). 
Although  direct  seeding  recpiires  much  less  labor  and  trouble  than  trans¬ 
planting,  one  of  its  limitations  is  w  eed  control.  However,  the  reeent  ad\  anei's 

“  'Die  class  IM.xoinycctes,  in  Nchicli  l)()th  Vijtlmim  and  Plnjluphtliora  hclong  arc  often 
referred  to  as  "water  molds.” 


3;i() 


Mcchanis)n.s  of  Piopto^atUui  [C>Iiap.  9] 


Fig.  9-8.  Direct  .'iccclin^  iti  an  ei(^lit-roic  planter. 

[I'hotof'iaph  by  J.  C.  AlU'ii  &  Son.] 


ill  chemical  weed  control  ha\  e  made  the  direct  seeding  of  some  crops,  such 
as  tomato,  economically  feasible. 

Precision  spacing  is  important  in  direct  seeding  to  prevent  the  need  for 
extensive  plant  thinning  or  replanting.  This  is  difficult  to  accomplish  ^\ith 
small  seeds,  however,  thus  attempts  have  been  made  to  “pelletize  ’  the  seed 
by  coating  it  with  some  suitable  material,  usually  clay  with  additives.  The 
increased  size  of  the  seed  facilitates  planting,  and  the  coating  material  may 
he  treated  with  fertilizer  to  encourage  rapid  seedling  gixm  th.  Pelleting  has 
been  somewhat  successful  with  lettuce,  but  with  present  materials  it  is  of 
doubtful  value  for  most  crops,  since  the  pelletizing  materials  can  reduce  oi 
retard  germination.  But  this  is  an  area  of  seed  technology  that  can  he  ex¬ 
pected  to  change  dramatically. 


Transplants 

TIu-  of  transpUints  is  a  specialized  part  of  seed  propagation.  Seed 

inav  lie  germinated  fir.st  in  ''.seedling  Hats"  containing  specially  prepared 
media,  and  tlle  seedlings  transplanted  in  some  suitable  container.  t  le 
seedlings  transplant  xvitb  dilfienity  (as  do  enrenrbits)  tbe  .seed  may  be 
planteci  directlv  into  individual  containers,  sncli  as  .3  X  .3  in.  veneer  plant 
l„„,ls.  Tbe  gennination  media  in  tbe  seedling  Hats  is  nsnally  sane  or  a 
sand-soil  mi.stnre.  Sami  bas  tbe  .idvanlage  ol  being  veil  drained  and  le  a- 
livelv  easv  to  maintain  free  of  disease-prodneing  fungi.  Cerniination  meilia 
are  lacking  in  nutrients,  but  tins  is  not  important  as  long  as  tbe  seeds  au 
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transplanted  soon  after  emergence.  Supplemental  fe('ding  with  nutrient 
solution  can  he  provided.  The  depth  of  planting  in  seedling  flats  depends  on 
the  size  of  the  seed.  As  a  rough  approximation,  the  depth  of  planting  should 
he  1-2  times  the  largest  seed  diameter.  \’erv  fine  seed  may  be  sprinkled  o\'er 
the  surface  of  the  soil. 


Se(‘dlin<>^s  <jrown  in  Hats  should  be  transplanted  as  soon  as  the\’  are  large 
enough  to  handle.  The  transplanting  operation  must  be  done  carefully  to 
prevent  injurv.  In  manv  plants,  however,  the  destruction  of  the  tap  root 
results  in  a  more  fibrous  root  svstem,  which  may  be  advantageous.  The  trans¬ 
planting  operation  is  best  made  with  the  soil  media  just  wet  enough  to  be 
impressionable,  but  not  wet  enough  to  be  sticky.  A  “dibbler  is  useful  for 
making  the  planting  hole. 

A  number  of  containers,  made  of  \’arious  materials,  are  available  for  trans¬ 
planting,  for  example,  Hats,  pots,  and  bands.  Containers  made  of  a  decom- 
posible  organic  material  such  as  peat  are  pro\’ing  of  xalue,  especially  for 
retail  Hower  transplants.  In  their  manufacture,  peat  pots  are  treated  with  a 
fungicide  to  pre\ent  decomposition  bv  mold  growth  and  with  nitrogenous 
fertilizer  to  (wercome  nitroo;en  deficiencies  commonlv  associated  with  the 
use  of  organic  materials.  Wooden  plant  bands  are  best  soaked  in  nitrogenous 
fertilizer  for  the  same  reason. 

Field  transplanting  is  a  part  of  both  seed  and  vegetative  propagation. 
Transplants  max'  be  planted  along  with  soil  or  “bare-rooted.”  The  transplant¬ 
ing  of  bare-rooted  plants  of  many  crops  (tomato,  strawberrv,  nurserv  stock) 
is  well  adapted  to  mechanization  (Fig.  9-9).  Transplanting  machines  are 


Fig.  9-9.  A  tomato  transplanting,  operation.  Starter  solution  is  being  added  to 
the  transplanter. 

[Pliotourapli  l>y  J.  C,  Allt-n  &  Son.] 
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oFtt'ii  e(juipped  to  appl\'  watt'r  anti  starter  solution.  Bare-root  nurserv  plants 
are  nsuallv  eoveretl  with  inntl  before  transplanting  to  present  diving. 


\  K  (;  E  T  .\  T  I  \  E  PROP  A  (;  A  T  I  ()  N 

\h‘getative  propagation  insohes  nonsexual  reprodnetion  through  tht* 
regeneration  of  tissues  and  plant  parts.  In  many  cases  this  process  is  a  coin- 
pleteK’  natural  one;  in  others  it  is  more  or  less  artificial,  tlepending  on  the 
interference  and  regulation  bv  man.  The  many  methods  of  vegetative  propa¬ 
gation  depend  on  the  plant  and  the  objectives  of  the  propagator.  The  ad¬ 
vantages  of  vegetative  propagation  are  readily  apparent.  Heterozygous  ma¬ 
terial  may  be  perpetuated  without  alteration.  In  addition,  vegetative  propa¬ 
gation  mav  be  easier  and  faster  than  seed  propagation,  as  seed  dormancs' 
problems  mav  be  completely  eliminated  and  the  juvenile  stage  reduced. 
\’egetative  propagation  also  makes  it  possible  to  perpetuate  clones  that  do 
not  produce  \  iable  seed  or  do  not  produce  seed  at  all,  e.g.  W  ashington  Navel 
orange,  Gros  Michel  banana,  Thompson  Seedless  grape. 

The  following  summar\'  lists  the  N  arious  methods  of  \egetative  propaga¬ 
tion. 


1.  Utilization  of  apomictic  seed;  citrus. 

2.  Utilization  of  specialized  vegetative  structures. 


Runner;  strawberry 

Bulb;  tulip 

Conn;  gladiolus 

Rhizome;  iris 

Offshoot;  day  lily 

Stem  tuber;  white  potato 

Tuberous  root;  sweet  potato 


3.  Induction  of  adventitious  roots  or  slioots. 

(a)  Layering;  regeneration  from  \'egetati\e  part  while  still  attached  to 

the  plant. 

(b)  Cutting:  regeneration  from  vegetative  part  detached  fioin  the 


plant. 

Crafting:  the  joining  of  plant  parts  by  means  of  tissue  regeneration. 


pr 


Ufilization  of  Apomictic  Seed 

Apomixis  refers  to  the  development  of  seeds  without  the  complete  .sexual 
ocess.  It  is  therefore  a  form  of  nonsexual  or  vegetative  reproduction.  Ihe 
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most  sigiiificunt  type  of  apomixis  is  that  in  which  the  complete  meiotic  cycle 
is  eliminated.  The  seed  is  formed  directly  from  a  diploid  cell,  which  ina\ 
either  be  the  nonrediiced  megaspore  mother  cell  or  some  cell  from  the 
maternal  o\  ular  tissue,  .^s  a  result  of  apomixis,  a  heterozygous  cross-polli¬ 
nating  plant  will  appear  to  breed  true. 

.■\lthough  apomixis  is  widespread  within  the  plant  kingdom,  it  is  not  a 
common  means  of  asexual  propagation.  It  is  utilized  in  the  propagation  of 
Kentucky  hluegrass,  citrus,  and  the  mango.  These  species,  howev'er,  arc  only 
partially  apomictic,  and  seed  will  be  derived  from  both  the  sexual  and  apo- 
mictic  process. 


Utilization  of  Specialized  Vegetative  Structures 

The  natural  increase  of  many  plants  is  achieved  through  specialized  vege¬ 
tative  structures.  These  modified  roots  or  stems  are  often  also  food  storage 
organs  (bulbs,  conns,  tubers),  although  in  some  plants  they  function  pri¬ 
marily  for  natural  vegetative  increases,  as  do  runners.  These  organs  enable 
the  plant  to  survive  adx  erse  conditions,  such  as  the  cold  period  in  temperate 
climates  or  the  dry  period  in  tropical  climates,  and  give  the  plant  a  means 
of  spreading.  These  specialized  structures  renew  the  plant  and  themsehes 
through  adventitious  roots  and  shoots  and  are  commonly  utilized  hx  man 
as  a  means  of  propagation.  When  these  structures  subdivide  naturally,  the 
process  is  called  separation;  when  they  must  be  cut,  the  process  is  called 
division. 


Stem  Modifications 


HULBS.  bulbs  are  shortened  stems  with  thick,  fleshy  leaf  scales  (  Fig.  9-10). 
In  addition  to  their  development  at  the  central  growing  point,  buds  de\  elop 
at  the  axils  of  the  leaf  scales.  These  buds  form  miniature  bulbs  {l)uJhlets) 
that,  when  grown  to  full  size,  are  know  n  as  offsets. 


The  development  of  bulbs  from  initiation  to  flowering  size  takes  a  single 
season  in  the  onion,  but  most  bulbs,  such  as  the  cbflodil  and  hyacinth,  con¬ 
tinue  to  grow  from  the  center,  becoming  larger  each  year  while  continually 
producing  new  offsets.  T  he  asexual  propagation  of  bulb-forming  plants  is 
commonly  achieved  through  the  development  of  scale  buds.  Wirious  stages 
of  development  may  be  utilized  from  the  individual  .scales,  offsets,  or  The 
enlarging  mature  bulb  it.self.  In  hyacinth  propagation  the  bulb  is  commonly 

wounded  to  encourage  advc'iititious  bulblet  formation.  The  bulblets  develoi) 
into  usable  size  in  2-4  \  ears. 
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Fig.  9-10.  Structure  uf  a  tulip  bulb. 

[Adapted  from  llartmami  and  Kestiu-r,  1‘lanl  Proixit’atioii,  Piontica- 
Hall,  Englewood  Cliffs,  1959;  after  Mulder  and  Lnyten.] 


CORMS.  Corm.s,  altliougli  they  resemble  bulbs,  do  not  contain  fleshy  leaves, 
but  are  a  solid-stein  structure  containing  nodes  and  internodes.  The  gladio¬ 
lus,  crocus,  and  water  chestnut  (Elcocbarh  Uibcro.sa)  are  examples  of  conn- 
forming  plants.  In  large,  mature  conns,  one  or  more  of  the  upper  buds 
develop  into  flowering  shoots.  The  conn  is  expended  in  flower  production, 
and  the  base  of  the  shoot  forms  a  new  conn  above  the  old.  At  season  s  end, 
one  or  more  new  conns  may  de\elop  in  tliis  manner.  Cormch,  or  miniature 
conns,  are  fleshy  buds  that  develop  betu  ecu  the  old  and  new  conns.  Conn- 
els  do  not  increase  in  size  when  planted,  but  produce  larger  conns  from 
tbe  base  of  the  new  stem  axis.  These  recpiire  1-2  years  to  reach  flowering 
size.  This  is  the  usual  method  of  propagating  conn-producing  plants.  Cairins 
mav  also  be  increased  by  division,  but  this  is  not  commonly  practiced  he- 

c'ause  of  disf'asf'  probU'ins. 

„f  Runnels  a.,'  s|H'ciali/x.<l  unial  st.-ms  tl.al  develop  from  the  leal 

a\ils  at  the  base  or  crown  of  plants  having  rosette  steins  ( h  ig.  b-l  1  )• 
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Fig.  9-11.  Ruunerin^  in  the  strawJ)ern/  geraniinn  (Saxilriiga 
sarmentosa). 

[Courtesy  E.  H.  Honeywell.] 

provide  a  means  of  natural  increase  and  spread.  Among  tlie  plants  propa¬ 
gated  by  runners  are  the  straw berrv,  strawberry  geranium  {Saxifra^a  sar- 
incntosa),  and  bugle  weed  (A/ug«).  The  commercial  propagation  of  straw¬ 
berries  is  done  through  runner-plant  production.  Leaf  clusters,  which  root 
easily,  are  formed  at  the  second  node  of  the  runner.  These  rooted  plants 
may  in  turn  produce  new'  runners.  Runnering  is  photoperiod  sensitive,  being 
commonly  initiated  under  a  day  length  of  12  hours  or  longer.  Dormant  plants 
I  are  dug  by  machine  in  the  fall  or  in  the  spring.  The  yield  in  plants  per 
mother  plant  varies  w'ith  the  variety,  but  under  optimum  conditions  may  be 
as  high  as  200:1.  A  field  increase  of  20-30:1  is  common.  Some  species  of 
straw'berries  are  nonrunnering,  and  many  of  the  everbearing  varieties  usualK 
form  relatix'ely  few'  runners.  These  plants  may  be  vegetati\’elv  propagated 
1  by  crown  divisions,  but  the  increase  in  plants  is  much  lower  than  in  those 
;  with  runners. 

I 

I  RHIZOMES.  Horizontally  orientated  cylindrical  stems  grow'ing  underground 
j  are  called  rhizomes  (Fig.  9-12).  Rhizomes  contain  nodes  and  internodes  of 
I  various  length,  and  readily  produce  adventitious  roots.  Rhizomes  may  be 
I  thick  and  fleshy  (iris)  or  slender  and  elongated  (Kentucky  bluegrass). 
j  Growth  proceeds  from  the  terminal  bud  or  tbrough  lateral  shoots.  In  many 
plants  the  older  portion  of  the  rhizome  dies  out.  If  new'  growth  proceeds 
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Fig.  9-12.  Root  si/stcni  and  rliizoincfi  of 
the  Tawny  Day  lily,  Henierocallis  tulva. 

[Courtesy  G.  M.  Fosler.] 


nance  is  destroyed  wlien  tlie  tuber 
is  cut.  Commonly  the  “seed  pieces” 
are  kept  at  1-2  ounces  to  prox  ide 
sufficient  food  for  the  young  plant. 
The  seed  pieces  may  be  cured  to 
effectively  heal  the  cut  surface  ( see 
Chapter  11).  Chemical  treatments 
are  used  to  prevent  disease. 


OFFSHOOTS.  In  many  plants  lateral 
shoots  develop  from  the  step,  which 
when  rooted  serves  to  reduplicate 
the  plant  (Fig.  9-13).  These  have 
been  referred  to  in  horticultural 
terminologv^  as  offsets,  suckers, 
crown  divisions,  ratoons,  or  slips, 
depending  on  the  species.  Lateral 
shoots  may  be  referred  to  collec- 
tively  as  offshoots.  The  increase  of 
bulbs  and  corms  by  offsets  is  a 
similar  t\pe  of  phenomena.  Propa¬ 
gation  of  plants  that  produce  off¬ 
shoots  is  easily  made  by  division.  In 


plants  the  older  portion  of  the 
rhizome  dies  out.  It  new  grouth 
proceeds  from  liranching,  the  new 
plants  eN'entnally  st'parate.  llhizom- 
atous  plants  are  easily  propagated 
by  cutting  the  rhizome  into  pieces 
containing  a  vegetative  bud. 

TUBERS.  Tubers  are  fleshy  portions 
of  imdergronnd  rhizomes.  The 
white  potato  is  the  best  known  ex¬ 
ample.  The  potato  is  propagated  by 
planting  either  the  whole  tuber  or 
pieces  containing  at  least  one  “eye.” 
If  the  whole  tuber  is  planted  the 
terminal  eve  commonly  inhibits  the 
other  buds,  but  this  apical  domi- 


Fig.  9-13.  Pineapple  may  he  propagated 
from  slips— leafy  shoots  originating  from 
axillary  bads  borne  on  the  base  of  the 
fruit  stalk.  They  may  also  be  growti  from 
the  crown  that  issues  from  the  top  of  the 
pineapple  or  from  .suckers  that  grow 
hncer  down  on  the  stem. 

[C^uirtfsy  l)()l<'  C.orp.] 
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temperate  climates,  rooted  offshoots  of  outdoor  perennials  may  he  divided 
eitlier  in  tlie  fall  or  spring. 

Hoot  Modification 

lUHKHOUS  HOOTS.  Roots  as  well  as  stems  may  he  structurally  modified  to 
propagatiN’e  and  food  storage  organs.  Fleshy,  swollen  roots  that  store  food 
materials  are  known  as  tuberous  roots  (Fig.  9-14).  Shoot  huds  are  readily 
formed  adventitiously.  Tuherous  roots  of  some  species  may  contain  shoot 
huds  at  the  “stem  end”  as  part  of  their  structure. 

I'he  sweet  potato  is  commonlv  propagated  from  the  formation  of  rooted 
acKentitious  shoots  called  slips.  In  the  dahlia,  the  roots  are  divided,  hut 
each  tuherous  root  must  incorporate  a  hud  from  the  crow'U.  in  the  tuherous 

Fig.  9-14.  Tul)crous  roots  of  (A)  sweet  potato,  (B)  dahlia,  and  (C)  tuberous 
be<ionia.  The  tuberous  root  of  the  sweet  potato  and  dahlia  disuite^ratc  i)i 
the  production  of  the  neic  plant.  The  tuberous  begonia  root  enlarges  each 
year. 

[From  Hartmann  ami  Kestner,  Phnit  Projxi^fition,  Pientice-Hall,  Englewood  Cliffs,  1959.] 
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begonia,  tlie  primary  tap  root  develops  into  an  enlarged  tnberons  root  with 
buds  lorming  at  the  “stem  end.”  This  root  can  be  propagated  bv  division, 
but  each  section  must  contain  a  bnd. 

SUCKERS.  Shoots  which  arise  ad\entitionslv  from  roots  are  called  suckers, 
although  the  term  has  been  commonly  used  (less  precisely  perhaps)  to 
refer  to  shoots  originating  from  stem  tissue.  The  red  raspberr\’,  for  example, 
is  propagated  by  suckers  abimdantb'  produced  from  horizontal  roots.  In  the 
red  raspberry,  snckering  may  be  stimulated  by  extensive  priming.  The  rooted 
suckers  are  nsnally  dug  during  the  period  of  plant  dormancy. 


Induction  of  Adventitious  Roots  and  Shoots 

The  regeneration  of  structural  parts  in  the  propagation  of  many  plants  is 
accomplished  by  the  artificial  induction  of  adventitious  roots  and  shoots. 
W'hen  the  regenerated  vegetative  part  is  attached  to  the  plant,  the  process 
is  called  knjera^e;  when  the  regenerated  xegetative  part  is  detached  from 
the  plant  of  origin,  the  process  is  called  cottage.  These  two  processes,  al¬ 
though  technically  different,  are  part  of  the  same  phenomenon,  namely,  the 
abilitv  of  vegetative  plant  parts  to  develop  into  a  complete  plant. 

Layerage  is  often  a  natural  process.  In  the  black  raspberry,  the  drooping 
stem  tips  tend  to  root  when  in  contact  with  the  soil;  in  stiawbeiiies,  the 
runners  form  natural  layers.  Because  the  regenerated  stem  is  still  attached 
and  nourished  by  the  parent  plant,  the  timing  and  technicpies  of  laNerage 
are  not  as  critical  as  in  cottage,  in  which  the  vegetative  part  to  be  regen¬ 
erated  is  severed  from  the  parent  plant.  Rooting  may  be  facilitated  by  such 
practices  as  wounding,  girdling,  etiolation,  and  disorientation  of  the  stem, 
which  affects  the  movement  and  accumulation  of  the  carbohydrates  and 

auxin  needed  to  stimulate  root  initiation. 

Layerage  is  a  simple  and  effective  means  of  propagation  that  can  be  prac¬ 
ticed  in  tile  field.  It  is  especially  suited  to  the  amateur  because  of  the  high 
degree  of  success  possible  with  only  a  minimnm  of  specialized  facilities, 
[.average  is  not  adaptable  to  large  scale  nursery  practices,  howeier,  and 
for  this^eason  it  is  normally  used  onl>'  for  plants  that  are  naturally  adapted 
to  this  method  of  propagation,  or  if  propagation  by  cuttings  is  difficult.  Dif¬ 
ferent  tvpes  of  layering  are  illustrated  in  Fig.  9-15. 

Chittage  is  one  Of  the  most  important  means  of  vegetative  propagation. 
The  term  “cutting”  refers  to  any  detached  vegetative  plant  part  that  emi 
!){'  expected  to  regenerate  the  missing  part  (or  paits)  to  foim  a  loinpit 
plant.  Cuttings  are  commonly  classified  by  plant  part  (root,  stem,  lea  ,  ea 


simple 
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Serpentine 
liiycr 


Fij;,  9-15.  Methods  of  lai/ei(i<^e. 

[Adapted  Willi  pennission  of  the  pidilisher 
Deiiisen,  copyriuht  1958  hy  The  Macmillan 


friiin  /’riiK  ip/e.s  of  lloilictilliin-  hy 
(Company.] 
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hud).  In  stem  cuttings  or  leaf  had  cuttin<^s  a  new  root  system  must  he 
initiated;  in  root  cuttings  a  new  slioot  must  he  initiated;  and  in  leaf  eultin^s 
l)oth  roots  and  shoots  must  he  initiated. 

.\natomical  Basis  ot  .\dventitious  Roots  and  Shoots 

The  formation  of  adventitious  roots  can  he  divided  into  two  pliases.  One 
is  initiation,  wliich  is  characterized  hy  cell  division  and  the  differentiation 
of  certain  cells  into  a  root  initial.  The  second  phase  is  growth,  in  which  the 
root  initial  expands  hy  a  comhination  of  cell  division  and  elongation.  W- 
though  the  two  processes  usually  occur  in  setpience,  in  some  plants,  such 
as  the  willow,  the  time  hetween  initiation  and  development  is  well  sepa¬ 
rated. 

Hoot  initials  are  formed  adjacent  to  vascular  tissue.  In  herhaceous  plants, 
which  lack  a  camhium,  the  root  initials  are  formed  near  the  \ascular  hun- 
dles  close  to  the  phloem.  Thus,  roots  will  appear  in  rows  along  the  stem, 
corresponding  to  the  major  vascular  hundles.  In  woody  plants,  initiation 
commonly  occurs  in  the  phloem  tissue,  usually  at  a  point  corresponding  to 
the  entrance  of  a  vascular  rav. 

The  production  of  hoth  adventitious  roots  and  shoots  from  leaf  cuttings 
commonly  orijiinates  in  secondary  meristematic  tissues — cells  which  have 
differentiated  hut  later  resume  meristematic  activity.  In  Kalanchoe  {Bnjo- 
phllum )  new  plantlets  form  during  leaf  development  from  meristematic 
regions  on  the  leaf  edges  (Fig.  9-16). 

Fig.  9-16.  In  Kalanchoe^  new  plants  arise  from  meristem  located  in 
notches  at  the  leaf  edge.  Shoot  and  root  primordia  are  present  in  adult 
leaves. 

[r'loni  Mahlstede  and  Haber,  Plant  PropaaatUm,  Wiley,  New  York,  1957.] 
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Adventitious  roots  and  shoots  may  l)e  derived  from  diflercmt  kinds  of  tis¬ 
sue;  for  example,  in  Afriean  violet  leaf  cuttings  the  roots  are  initiated  Iroiu 
cells  between  the  \aseular  bundles,  whereas  shoots  are  initiated  fiom  cells 
of  the  epidermis  or  cortex.  In  the  sweet  potato,  on  the  otlu-r  hand,  roots  and 
shoots  may  be  derived  from  callus  tissue  formed  on  tbe  cut  sin  face. 

The  formation  of  complete  plants  from  pieces  of  root  is  dependent  upon 
both  the  initiation  of  adventitious  shoots  and  the  extension  of  new  root 
growth.  Ad\entitioiis  shoot  buds  develop  from  cells  of  the  phloem  paren- 
clwma  and  from  ravs.  New  roots  originate  from  older  tissues  thiough  latent 
root  initials,  although  new  root  initials  may  arise  adventitiously  from  the 
\'ascular  cambial  region. 


Physiological  Basis  of  Booting 

The  abilitv  of  a  stem  to  root  is  a  variable  character,  depending  on  the 
plant  and  subse(juent  treatment.  Some  insight  into  the  physiological  basis  of 
rooting  has  been  developed  from  studies  on  easy  and  difficult-to-root  plants. 
The  abilitv  of  a  stem  to  root  has  been  shown  to  be  due  to  an  interaction  of 
inherent  factors  present  in  the  stem  cells  as  well  as  to  transportable  sub¬ 
stances  produced  in  leaves  and  buds.  Some  of  these  transportable  substances 
are  auxin,  carbohydrates,  nitrogenous  substances,  vitamins,  and  other 
unidentified  compounds.  Substances  that  interact  with  auxin  to  affect  root¬ 
ing  may  be  referred  to  as  rooting  cofactors.  In  addition,  such  environmental 
factors  as  light,  temperature,  humidity,  and  oxygen  play  an  important  role 
in  the  process.  The  physiological  factors  involved  in  rooting  are  only  begin¬ 
ning  to  be  understood;  it  is  still  not  possible  to  effect  rooting  in  many  plants, 
for  example,  in  blue  spruce,  rubber  tree,  and  oak. 

Auxin  level  is  closely  associated  with  adventitious  rooting  of  stem  cut¬ 
tings,  although  the  precise  relationship  is  not  clear.  The  normal  rooting  of 
stems  appears  to  be  triggered  by  the  accumulation  of  auxin  at  the  base  of 
a  cutting.  The  increase  in  rooting  by  the  application  of  indoleacetic  acid  or 
auxin  derivatives  supports  this  concept  (see  Chapter  7).  However,  it  is  cer¬ 
tain  that  auxin  is  only  part  of  the  stimulus,  for  rooting  of  many  difficult-to- 
root  cuttings  is  not  improved  by  auxin  alone.  Other  specific  factors  that 
either  stimulate  (as  does  catechol)  or  inhibit  rooting  have  been  isolated. 
More  such  factors  can  be  expected  to  be  found. 

The  presence  of  leaves  and  buds  exerts  a  powerful  influence  on  the  root- 
ing  of  stem  cuttings.  In  many  plants  the  effect  of  buds  is  due  primarily  to 
their  role  as  a  source  of  auxin  production,  whereas  the  rooting  stimulation 
pio\ided  by  leaves  is  related  in  part  to  carbohydrate  production.  But  in 
many  plants  the  affect  of  leaves  and  buds  can  be  shown  to  be  due  to 
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additional  transportabU*  cofactors, 
which  coinplcincnt  both  carbohv- 
drate  and  auxin  application  ( I'  ig. 
9-17). 

An  important  component  of  the 
ability  of  a  stem  to  root  is  the 
nutritional  status  of  the  plant.  In 
general,  high  carbohydrate  levels 
are  associated  with  \igorons  root 
growth.  On  the  other  hand,  high 
nitrogen  levels  affect  the  number 
of  roots  produced,  .\lthough  low 
nitrogen  levels  increase  the  number 
of  roots  produced,  a  deficienev  w  ill 
iidnbit  rootintj. 

The  accumulation  of  auxin  as 
well  as  the  accumulation  of  carbohydrates  explains  in  part  the  effecti\eness 
of  ringing  and  wounding  in  stimulating  rooting.  In  addition,  wounding 
stimulates  root  initiation  by  some  other  unknow  n  process.  Callousing  of  the 
wounded  surface  also  increases  the  efficiency  of  water  absorption.  This 
wounding  effect  is  utilized  to  increase  the  absorption  of  applied  auxin. 

The  effectiveness  of  stem  rooting  varies  with  the  stage  of  development 
and  the  age  of  the  plant,  the  type  and  location  of  stem,  and  the  time  of 
year.  Owing  to  the  great  variation  between  species,  precise  conclusions  con¬ 
cerning  the  relationship  of  these  factors  to  rooting  cannot  be  made.  In  gen¬ 
eral,  rooting  abilitv  is  associated  with  the  juvenile  stage  of  growth.  Such 
plants  as  English  Ivy,  apple,  and  many  conifers  become  very  difficult  to  root 
when  they  reach  the  mature  stage.  Mature,  difficult-to-root  plants  may  be 
made  easy  to  root  bv  a  reversion  to  the  juvenile  stage.  Generally,  adven¬ 
titious  shoots  from  the  base  of  mature  plants  tend  to  assume  juvenile  char¬ 
acteristics.  In  mature  plants  that  become  difficult  to  root,  these  adventitious 
shoots  mav  be  induced  by  severe  pruning.  Thus,  a  form  of  layering  called 
stooling  maintains  the  juvenile  stage  of  growth  by  continued  pruning  at 
the  base  of  the  plant.  The  stem  bases  are  mounded  with  soil  to  facilitate 

rooting. 

1'he  abilitv  of  a  stem  to  root  is  also  affected  by  its  position  on  the  plant; 
lateral  shoots  tend  to  root  better  than  terminal  shoots.  N’egetative  shoots  also 
tend  to  root  better  than  flowering  shoots.  These  differences  may  be  related 
in  part  to  auxin  level  and  amounts  of  stored  food. 

Cuttings  vary  in  their  ability  to  root,  depending  upon  the  type  of  stem 


the  presence  of  rootin<^  cofaetors.  The 
eofaetors  interact  with  auxin  to  trigger 
rooting. 


Vi’ocialivc  rrojUi^atioit 

tissue  from  which  they  are  derived.  Cuttings  may  be  made  from  succulent 
nonlignified  growth  (softwood  cuttinos)^  or  from  wood  up  to  several  years 
old  (hardwood  cuftiw^s).  Although  almost  all  types  of  cuttings  of  easy-to- 
root  plants  root  readily,  softwood  cuttings  of  deciduous,  woody  plants  taken 
in  tlie  spring  or  summer  generally  root  more  easily  than  hardwood  cuttings 
obtained  in  the  winter.  However,  dormant  hardwood  cuttings  are  used  when 
possible  because  of  the  ease  of  shipment  and  handling.  Dormant  cuttings 
must  be  stored  until  the  shoot’s  rest  period  is  broken,  although  rooting  is 
less  affected  by  dormancv.  The  time  that  softwood  cuttings  are  taken  x  aries 
greatly  with  different  plant  species.  In  the  azalea,  softwood  cuttings  root 
best  in  the  early  spring;  in  other  broadleafed  evergreens,  the  optimum  time 
for  rooting  may  be  from  spring  to  late  fall. 


P^nvironmental  Factors  .Affecting  Rooting 

HUMIDITY.  The  death  of  the  stem  as  a  result  of  desiccation  before  rooting 
is  achiex  ed  is  one  of  the  primarv  causes  of  failures  in  propagation  by  cutting. 
The  lack  of  roots  prevents  sufficient  water  intake,  although  the  intact  leaves 
and  new  shoot  growth  continue  to  lose  water  by  transpiration.  Leaves  or 
portions  of  the  leaf  are  removed  to  prevent  e.xcessive  transpiration.  How¬ 
ever,  this  practice  is  not  desirable  because  the  presence  of  leaves  encourages 
rooting.  The  use  of  mist  (Fig.  9-18)  maintains  high  humiditv  and  also  re¬ 
duces  leaf  temperature  by  maintaining  a  water  film  on  the  leaf.  This 
enables  high  light  to  be  emploved  in  order  that  photosvnthesis  need  not  be 
reduced.  The  use  of  automatic  controls  to  produce  an  intermittent  mist  is 
desirable  because  excess  water  may  be  harmful  to  manv  plants  and  because 
higher  temperatures  of  tlu*  rooting  media  can  be  maintained. 

TKMPF.H.x'i  uiiE.  The  usc  of  bottom  heat  to  maintain  the  temperature  of 
the  rooting  medium  at  about  75°F  facilitates  rooting  bv  stimulating  cell 
dixision  in  the  rooting  area.  The  aerial  portion  mav  be  kept  cool  to  reduce 
transpiration  and  respiration.  Daytime  air  temperatures  of  70-80°F  and 
night  temperatures  of  60-7()°F  are  optimum  for  the  rooting  of  most  species. 

LIGHT.  Light  in  itself  appears  to  inhibit  root  initiation  (or  converselv,  the 
lack  of  light  encourages  it).  Softwood  and  herbaceous  cuttings  indirectlv 
respond  to  light  beeause  of  its  role  in  the  synthesis  of  carbohydrates.  How¬ 
ever,  deciduous  hardwood  cuttings  that  contain  suffieient  stored  food,  and 


as 


as 


*  Softwood  tiiUiiijfs  ( 
ticrhaccous  cuttiiif'M, 
lirrciiwood  cattiiig.s. 


)f  plants  that  are  normally  nonwoodv  are  sometimes  referred  to 
whereas  those  of  woody  plants  prior  to  lignifieation  are  known 
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to  w  liich  artificial  auxin  can  be  supplied,  root  best  in  the  dark.  The  role  of 
light  in  inducing  rooting  thus  varies  w  ith  the  plant  and  w'ith  the  method  of 
propagation.  The  reason  the  absence  of  light  favors  root  initiation  in  stem 
tissues  is  not  clear.  Root  promotion  may  be  achieved  by  the  use  of  opacjue 
coxerings  that  etiolate  the  stem.  Etiolation  probably  affects  the  accumula¬ 
tion  of  auxins  and  other  snbstances  that  are  unstable  in  light. 

ROOTING  MEDIA.  The  looting  media  must  provide  sufficient  moisture  and 
oxvgen  and  must  be  relatively  disease  free.  It  is  not  necessary  that  the 
rooting  media  be  a  source  of  nutrients  until  a  root  system  is  established. 
The  rooting  medium  may  have  an  effect  on  the  percentage  of  cuttings 
rooted  and  on  the  tvpe  of  roots  formed,  \4irious  mixes  containing  soil,  sand, 
peat,  and  artificial  inorganic  substances  such  as  vermiculite  (expanded 
mica )  and  perlite  ( expanded  volcanic  lava )  have  been  widely  used.  Perlite 
used  alone  or  in  combination  w  ith  peat  moss  has  prox'en  especially  effectixe 


Fig.  9-18.  An  in-hench  mist  installation.  The  snpphj  pipe  runs  along  the  bottom 
of  the  bench.  The  poh/ethi/lene  icind  barrier  eliminates  the  problem  of  drift. 
The  deflection-ti/i)e  nozzle  produces  a  mi.st  bij  directing  a  fine  stream  of  water 
again.st  a  fiat  .surface.  An  intermittent  mi.st,  commonly  4  seconds  on  and  56' 
seconds  off,  is  controlled  by  a  titne  clock. 

[(^Hiitesy  Purdue  L'ui\.] 
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Fig.  9-19.  Rooted  cuttings  of  icoodij  onianicutals  phnitcd  in  a  mixtioc  of  fHolitc 
and  peat.  Fertilizer  nni.st  he  added.  They  will  he  marketed  as  container- 
(iroien  stock. 

[Courtesy  Perlite  Inst.] 

because  of  its  good  water-holding  properties,  drainage,  and  freedom  from 
root  rotting  diseases  (Fig.  9-19).  Sand  or  water  alone  may  be  satisfactory 
for  some  easv-to-root  cuttings  (Fig.  9-20).  When  water  is  used  alone  im¬ 
proved  results  are  achieved  with  aeration. 


Graft  in 

Grafting  involves  the  joining  together  of  plant  parts  bv  means  of  tissue 
regeneration,  in  which  the  resulting  combination  of  parts  achie\es  pbvsical 
union  to  grow  as  a  single  plant.  The  part  of  the  combination  that  provides 
the  root  is  called  the  stock;  the  added  piece  is  called  the  scion.  The  stock 
ma\-  be  a  piece  of  root  or  an  entire  plant.  When  the  scion  consists  of  a  single 
'  bud  only,  the  process  is  referred  to  as  buddinp.  (Budding  and  cuttings  rep- 
!  resent  the  most  important  methods  of  asexual  propagation.)  W'ben  the 
graft  combination  is  made  np  of  more  than  two  parts,  the  middle  piece  is 
I  referred  to  as  an  interstock,  bod\'  stock,  or  interpiece. 

There  are  two  basic  kinds  of  grafts;  approach  and  detached  .seion.  In  the 
approach  graft  the  scion  and  stock  are  both  connected  to  a  grow  ing  root 
systrm.  In  the  detached  scion  graft,  the  most  common  method,  onl\-  the 
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Fig.  9-20.  {Left)  A  home  propagator  made  up  of  a  large  pot  filled  ivith  sand. 
The  hole  of  the  smaller  inner  pot  is  plugged  icith  eork  and  kej)t  filled  tcith 
water.  Uniform  moisture  is  maintained  by  seepage  from  the  small  pot  s  porous 
sides.  (Right)  Cuttings  that  are  easy  to  root,  sueh  as  coleus,  may  he  propa¬ 
gated  in  water. 

[Courtesy  E.  R.  Honeywell.] 


Stock  supplies  roots,  since  tlie  scion  is  se\ercd  from  any  root  connection. 
.\pproach  grafting  is  used  when  it  is  difficult  to  obtain  a  union  by  the  ordi- 
nar\'  procedures.  The  root  connection  to  the  scion  acts  as  a  muse  to  the 
scion  until  union  is  achieved,  at  which  time  the  scion  is  severed  from  its 
own  roots.  The  general  "carpentr\”  or  “art"  imolved  in  both  these  methods 
of  (Traftiim  are  si'milar,  although  the  method  used  in  obtaining  a  union  might 
appear  to  \ary. 


Ihe  C.raft  I'nion 

The  graft  iiidoii  is  the  basis  of  graftage.  It  is  formed  from  the  intei- 
mingling  and  interlocking  of  callus  tissue  produced  from  the  stock  and  scion 
cam?u-um  in  response  to  wounding.  The  cambium,  the  meristematic  tissue 
between  the  .xvlem  (wood)  and  phloem  (hark),  is  continuous  in  perennial 
woody  dicots.' Monocotyledonous  plants  with  a  diffused  cambium  cannot 
he  grafted.  Callus  ti.ssue  is  composed  of  parenchymatous  cells.  Ihuler  the 
iuMuence  of  the  existing  camhium,  the  callus  tis.sue  differentiates  new  cam- 
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bial  tissue.  This  new  eainbiuin  re- 
(lillerentiates  xvlem  and  phloem  to 
form  a  living,  growing  eonneetion 
between  stoek  and  scion  ( Fig. 
9-21 ).  The  basic  techni(|ue  of  graft¬ 
ing  consists  in  placing  the  camhial 
tissue  of  stock  and  scion  in  intimate 
assoeiation  such  that  the  resulting 
callus  tissue  produced  from  stock 
ami  scion  interlocks  to  form  a  con¬ 
tinuous  connection.  \  snug  fit  is 
often  obtained  hv  utilizing  the  ten- 
sion  of  the  stock  and  or  scion. 
Tape,  rubber,  or  nailing  is  also  used 
to  facilitate  contact,  \knious  txpes 
of  budding  and  ijraftinu  are  shown 
in  Fig.  9-22.  Natural  grafts  mav  he 
formed  as  a  result  of  the  close 
intertwining  of  roots  or  stems. 

Although  there  is  usually  no  ac¬ 
tual  interchange  of  cells  through 
the  graft  union,  the  connection  is 
such  that  many  viruses  and  hor¬ 
mones  pass  through  unheeded.  This 
principle  is  utilized  in  virus  identi¬ 
fication.  Plants  containing  a  sus¬ 
pected  virus,  hut  which  mav  not 
show  obvious  morphological  symp¬ 
toms,  are  grafted  to  a  plant  that  is 
sensitive  and  will  show  the  symp¬ 
toms  of  the  virus.  This  process  is 
known  as  /ndc.v/;ig  (Fig.  9-23). 

Incompatibility 

Owing  to  the  lack  of  any  anti¬ 
body  mechanism,  plants  have  a 
greater  tolerance  to  grafting  than 
do  animals.  The  ability  of  two 
jdants  to  form  a  suecessful  graft 
combination  is  related  in  huge 
part  to  th(‘ir  natural  relationship. 


scion 


cambium 


stock 


cambium 


Fig.  9-2 1 .  Dcvelopvicnial  sequence  dur- 
itifl  the  lie(diu^  of  a  cleft  graft  union.  I'he 
graft  union  is  formed  from  the  redif¬ 
ferentiation  of  the  C(dlns  tissue  inider  the 
infiuenee  of  the  stock  camhiinn. 

|A(lapt<(l  liom  llaitinaim  aiul  Kistiiir,  Vlmtl 
dilotiou,  I’lcntico-llall.  I'aiKlcw ooil  CljHs,  U).>9.] 
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no  cfimbi<il  contact 


Wounds  arc  covered 
with  ijraftin^ 
compound.  If 
both  scions  grow 
one  is  subsequently 
removed 


Position  of  cut  on  Completed 
understock  graft 

SIDE  CRAFT 


'AND  '  TONCL^E  CRAFT 

(Mmf  ,nul  iMiiiii  ;w{!c)  Tnhnifims  of  hmUlmn  ,w,l 
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BUDDING 


Tcrmintil 
^rowtU, 
the  iourcc 
of  biidf 


Cutting  the  bud 
from  bwdjtick 


SHIELLP  BUD 


T-cut  in  The  stocK 


The  bud  tf  held 
tightly  in  piflce 
with  fl  rubber  jrrip 


Insertion 
of  bud 
If  bwd  IS  in- 
serted  in  Mfe 
summer,  the 
^fock.  if  CMf 

clofe  rc*  the 
bud  in  the 
following 
spring.  If  the 
rubber  h*if  not  Growth  if  The  he<iled  union 
deteriorated  forced  from  bud 
if  if  cut  to  pre¬ 
vent  yirdliny. 
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Fig.  9-23.  Indexing  strawberries  by  means  of  the  leaf  graft.  Left.  The  middle 
blade  of  the  trifoliate  leaf  of  strawberry  is  eat  to  a  wedge  and  inserted  into 
the  split  petiole  in  jdace  of  the  removed  blade  of  the  sensitive  indicator, 
Fragaria  vesca.  The  exised  leaf  is  nsnally  held  in  place  with  a  self -.sticking 
latex  tape.  Right.  After  two  months  the  grafted  leaf  from  each  of  two  dif¬ 
ferent  plants  is  .still  alive.  The  older  leaves  have  been  removed  to  show  the 
tunc  growth.  The  normal  regrowth  on  the  left  indicates  that  the  inserted  leaf 
teas  free  of  any  virus  affecting  the  indicator  plant.  1  he  stnnted,  deformed 
growth  on  the  plant  at  the  right  indicates  transmission  of  a  virus  from  the 
excised  leaf  to  the  indicator  plant. 

[C^oiirtesy  Purcliie  Univ.] 


Tlie  inherent  failure  of  two  plants  to  form  a  successful  union — graft  incom¬ 
patibility— may  be  clue  to  both  structural  and  physiological  effects.  Incom¬ 
patibility  may  be  expressed  in  a  high  pc'rcentage  of  grafting  failuies;  pool, 
weak,  or  abnormal  growth  of  the  scion;  overgrowths  at  the  graft  union;  or 
poor  mechanical  strength  of  the  union,  which  in  extreme  cases  results  in  a 
clean  break  at  the  graft.  Incompatibility  may  be  manifested  immediately  or 
be  delayed  for  several  years.  In  some  cases  incompatibility  has  been  traced 
to  a  virus  contributed  by  one  of  the  graft  components,  which  was  itself 
virus  tolerant.  In  such  cases  incompatibility  is  due  to  the  virus  sensitivity 
of  the  other  component.  If  the  sensitive  component  is  the  loot  stock,  the 

entire  tree  may  be  acKersely  affected. 

In  general,  grafting  within  a  species  rc'sults  in  compatible  unions.  C.iatts 

made  between  species  of  the  same  genera  or  species  of  elosely  related  genera 
vary  in  their  degree  of  compatibility.  For  example,  many  but  not  all  pears 
(Pyrii.s  species)  inay  be  successfuily  grafted  on  (piinee  stock  (Cydonia 
ohlonga),  but  the  reverse  combination,  (piince  scions  on  pear  stock,  is  not 
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successful.  Incoiupatibility  may  ])e  luiclged  l^y  an  interpiccc  composed  of  a 
\  aricty  compatible  to  both  components.  A  few  exceptional  graft  combinations 
iinolving  species  of  different  families  have  been  experimentally  produced 
in  herbaceous  plants. 


Factors  InHiiencing  Grafting  Success 


In  addition  to  the  inherent  compatibility  of  the  plant  there  aie  a  numbei 
of  factors  that  affect  successful  “take”  in  grafting.  Skillful  grafting  or  bud¬ 
ding  teclmitpies  are,  of  course,  necessary.  Suceess  is  then  dependent  upon 
environmental  factors,  which  promote  callus  formation.  In  geneial,  callus 
formation  is  optimum  at  about  80— 85°F.  After  the  grafting  of  doimant  mate¬ 
rial  (bench  grafting),  the  completed  graft  is  best  stored  under  warm  and 
moist  conditions  for  a  week  or  two  to  stimulate  callus  formation. 


It  is  very  important  that  high  moisture  conditions  lie  maintained  to  pre- 
\'ent  the  scion  from  diving  out.  Waxing  the  tissue  after  grafting  serves  to 
prevent  desiccation  of  the  delicate  callus  tissue.  Special  waxes  are  av'ailable 
that  consist  of  various  formulations  of  resins,  beeswax,  paraffin,  and  linseed 
oil.  Bench  grafts  should  be  plunged  in  moist  peat  to  prevent  desiccation  dur¬ 
ing  the  period  of  healing  at  warm  temperature.  The  use  of  plastic  films  has 
proved  successful  in  conserving  moisture.  Oxygen  has  been  shown  to  be 
recpiired  for  callus  formation  in  some  plants  (for  example,  the  grape).  Wax¬ 
ing  should  not  be  used  w  ith  such  plants  because  of  its  effect  in  limiting  the 
oxvgen  supply. 

The  percentage  of  “take”  in  grafting  is  often  improved  if  the  stock  is  in 
a  vigorous  state  of  growth.  The  scion,  how^ever,  should  be  dormant  to  pre¬ 
vent  premature  grow  th  and  subseipient  desiccation.  Grow'ing  trees  are  often 
grafted  with  dormant  scions  from  refrigerated  storage.  In  summer  budding, 
irrigation  should  be  supplied  before  budding  in  order  to  in\igorate  the 
stock.  The  leaf  buds  of  most  temperate  woodv  plants,  when  inserted  in  late* 
summer,  remain  naturally  dormant  until  tbe  following  spring. 


Cu-aftiu"  of  Established  Trees 

In  addition  to  its  role  as  a  method  of  propagation,  grafting  is  useful  in 
many  instanees  for  \ariety  change,  repair,  or  iinigoration  of  older  estab¬ 
lished  trees.  Grafting  to  effect  growth  is  di.scussed  in  Chapter  7. 


TOI’WOHKIXG.  Owing  to  the  long  time  reepiired  for  growth  of  manv  fruit 
or  nut  crops,  it  is  often  desirable  to  utilize  tbe  existing  framework  and  root 
systt'in  of  a  larger,  established  tree.  It  beeomes  possible  to  rework  a  tree  and 
rapidly  bring  an  improNc'd  \arietv  into  production.  The  ix'eraltiiui  of  seions 
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onto  a  large  growing  tree  to  utilize  an  existing  framework  is  called  top¬ 
working.  The  cleft  graft  is  nsnally  used. 

In  topworking,  the  length  of  the  scion  inserted  may  hav^e  an  effect  on  snh- 
se([nent  grow  th.  The  few'  buds  from  short  scions  all  tend  to  produce  vigorous 
vegetative  growth.  End  break  on  long  scions  is  confined  to  the  terminal 
buds;  the  basal  buds  often  grow'  into  fruiting  spurs.  This  techni(pie  is  uti¬ 
lized  to  bring  new'  varieties  into  early  bearing  for  observation. 

INARCHING,  BRIDGING,  AND  BRACING.  Inaiching  is  a  foim  of  “repair” 
grafting  that  involves  reinforcing  the  existing  root  system  of  an  already 
growing  tree.  It  is  used  w'hen  the  current  root  system  is  weak  and  must  be 
replaced  to  save  the  tree.  A  number  of  seedlings  or  rooted  cuttings  are 
planted  around  the  tree  and  are  then  approach  grafted  onto  the  stem.  The 

graft  is  usually  held  in  place  by 
nailing. 

Bridge  grafting,  as  the  name  in¬ 
fers,  is  a  means  of  “bridging”  an 
intact  root  and  stem  w  hen  the  con¬ 
nection  between  them  has  been 
damaged.  Ifridge  grafting  can  sa\e 
a  tree  from  death  when  the  stem 
has  been  girdled  bv  mice  (Fig. 
9-24). 

Bracing  the  framework  of  a  tree  can  be  accomplished  by  means  of 
grafting.  The  techniijue  iinoKes  the  twisting  of  young  brandies  around 
each  other  to  encourage  the  formation  of  a  natural  graft. 


Fig.  9-24.  Bridge  grafting. 

[From  Eaton,  Publication  439,  Ontario  Dept,  of 
.-\KricnItnre,  1961.] 
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Plant  Iiiiproveiiieiit 


Almost  all  of  the  edible  plants  in  use  today  were  domesticated  before  the 
ad\'ent  of  written  historw  Ornamentals  such  as  the  lose  and  lily  have  been 
in  cultivation  for  thousands  of  years.  Plant  improvement  has  been  continu¬ 
ous  during  this  time  as  a  result  of  man’s  deliberate  differential  reproduction 
of  certain  plants.  This  process  of  selection  over  the  years  has  been  extremely 
effective;  most  of  our  cultivated  plants  no  longer  even  remotely  resemble 
their  wild  ancestors.  Flant  breedings,  the  systematic  improvement  of  plants, 
is  an  innovation  of  the  last  centurv'.  In  the  past  50  years,  the  study  of  the 
mechanisms  of  hereditv' — genetics — has  placed  plant  breeding  on  a  firm 
theoretical  basis.  Plant  breeding  has  become  a  specialized  technology  and  is 
responsible  for  a  large  part  of  the  current  progress  in  horticulture. 

Since  the  needs  and  standards  of  man  change,  the  job  of  the  plant  breeder 
is  a  continuous  one.  For  example,  mechanical  harvesting  becomes  possible 
onlv’  with  plants  that  bear  the  bulk  of  their  crop  at  a  given  time.  It  demands 
that  plants  be  structurally  adapted  to  the  machine.  The  raw  material  for 
these  and  other  changes  mav  be  found  in  tbe  tremendous  variation  that 
exists  in  cultivated  plants  and  in  related  wild  species.  The  incorporation  of 
tlu^se  alterations  into  plants  adapted  to  specific  geographical  areas  demands 
not  only  a  knowledge  of  the  theoretical  basis  of  hereditv  but  the  art  and 
skill  necessarv  for  the  discoverv  and  perpetuation  of  small  but  fundamental 
differences  in  plant  material. 


thp:  gp:netic  basis  of  plant  improvement 

Variety  is  more  than  the  spice  of  life;  it  is  the  verv  essence  of  it.  Differ¬ 
ences  between  horticultural  plants  range  from  the  obvious  (water  lilies 
versus  watermelons)  to  the  almost  imperceptible  variation  that  might  exist 
between  two  apple  trees  of  the  same  clonal  varietv  growing  side  bv  side. 
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WiriatioM  can  be  partitioned  into  two  t\'pes,  cnvironnicntal  and 
(ienetic  dilFerences  are  due  to  tlie  liereditarv  makeup  of  tlie  organisms.  4'liis 
\ariation  can  be  traced  to  differences  in  genes,  tlie  fundamental  units  that 
determine  heredit\’.  Environmental  variation  can  be  demonstrated  by  com¬ 
paring  organisms  of  identical  genetic  makeup  grown  under  different  en- 
\ironments.  Similarlv,  differences  between  plants  grown  under  identical 
einironments  must  be  due  to  genetic  differences.  The  range  of  enxiron- 
mental  x  ariation  is  enormous,  but  its  boundaries  are  determined  by  genetic 
makeup.  ( It  is  difficult  to  conceive  of  any  en\'ironmental  condition  that  will 
transform  water  lilies  to  w'atermelons. )  The  genetic  makeup  of  an  organism 
is  referred  to  as  its  genottjpe.  The  net  outward  appearance  of  the  organism 
is  the  i)henott/j)e.  In  a  stricter  sense,  the  phenotype  is  the  interaction  product 
of  a  genotx'pe  with  its  internal  and  external  en\'ironment. 

The  ([uestion  of  which  type  of  variation,  genetic  or  environmental,  is  more 
important  is  meaningless.  The  pertinent  (juestion  is  which  genotijjw  is  best 
suited  to  a  particular  set  of  environmental  conditions;  and,  given  a  partic¬ 
ular  genotvpe,  wJdch  environmental  conditions  will  permit  the  0})timum 
phenotifpic  expression  of  that  genotype. 

The  fundamental  discovery  that  the  genot\  pe  is  inherited  as  discrete  units 
w'as  first  published  in  1865  by  Gregor  Mendel,  and  Austrian  abbot,  from 
experimental  wmrk  carried  out  w'ith  the  garden  pea.  Env'iionmental  wiiia- 
tion,  howe\  er,  is  not  transmitted  in  this  manner.  This  was  first  firmly  estab¬ 
lished  bv  the  Danish  geneticist  and  breeder  johannsen  in  1903,  from  re- 
searcli  on  seed  size  in  the  common  bean.  Johannsen  demonstrated  that 
inheritance  of  phenot\pic  \ariation  is  only  possible  when  it  is  a  result  of 
genetic  differences.  * 


Genes  cind  Gene  Aclion 

The  chromosomes  contain  the  code-controlling  mechanism  that  coordi¬ 
nates  the  phvsiological  activities  of  the  cell  and  eonseciuently  the  organism. 
The  study  of  many  organisms  has  indicated  that  the  information  provided 
bv  the  chromosomes  involves  the  formation  of  enzymes  that  affect  biochem¬ 
ical  reactions.  The  unit  of  the  chromosome  conferring  a  single  enzymatic 
effect  is  called  the  gene.  Structurally,  the  gene  appears  to  be  a  portion  of 
the  desoxvribose  nucleic  acid  (DNA)  molecule,  the  nonprotein  portion  of 
the  chromosome.  How  the  genetic  code  inherent  in  the  DNA  molecule 
works  to  effect  enzyme  .synthesis  is  not  know  n.  However,  considerable  in¬ 
formation  is  accumulating  concerning  gene-mediated  biochemical  pathways. 

Gene  action  can  be  demonstratc'd  with  flower  pignumtation.  Two  anlho- 
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c\aiiin  pigments  distinguislied  l)y  differing  degrees  of  red  color  hav'e  l)een 
shown  to  l)e  clieniicallv  differentiated  1)V  a  single  hydroxyl  group.  The  syn¬ 
thesis  of  these  pigments  proceeds  in  a  stepwise  fashion,  as  shown  in  hig. 
fO-l.  The  addition  of  a  single  hydroxyl  group  changes  the  color  of  the 
plant’s  petals  from  bright  red  to  bluish  red.  This  biochemical  step  is  gene 
controlled.  Thus,  the  petals  of  a  plant  that  contains  a  gene  (C)  controlling 
the  transformation  of  pelargonidin  to  c\'anidin  will  be  bluish  red.  A  plant 
ha\ing  only  an  altered  version  of  this  gene  (c)  incapable  of  adding  tbe 
hydrox\l  group  will  ha\’e  bright  red  petals.  Alternate  forms  of  a  particular 
gene  are  referred  to  as  alleles  (C  and  c  are  alleles).  The  change  in  the 
gene’s  internal  structure,  which  gives  rise  to  new’  alleles,  is  know’n  as  muta¬ 
tion.  Mutations  are  changes  in  the  genetic  information  and  are  ultimately 
responsible  for  the  inherent  variation  in  all  li\’ing  things. 

Each  plant  species  contains  a  characteristic  number  of  chromosomes 
known  as  the  2n,  or  somatic,  number  (2n  =  12  in  spinach,  14  in  pea,  16  in 
onion,  IS  in  cabbage,  20  in  corn,  22  in  w’atermelon,  24  in  tomato,  and  so  on). 
The  reproductive  cells,  or  gametes,  contain  the  haploid  number  (n)  of 
chromosomes.  Each  chromosome  occurs  in  pairs  in  the  vegetative  cells  mak¬ 
ing  up  the  somatic  number.  In  meiosis  one  chromosome  of  each  pair  is 
distributed  to  the  gametes,  reducing  the  diploid  number  bv  one-half.  Fer¬ 
tilization  subsefjuently  restores  the  diploid  number  to  the  zvgote,  tbe  fer¬ 
tilized  egg.  Thus,  in  somatic  cells  of  diploid  plants,  each  gene  is  present 
twice.  A  particular  gene  (for  example,  C  and  its  allele  c)  mav  be  present  in 
any  one  of  three  combinations,  CC,  Cc,  or  cc.  A  plant  containing  two  iden¬ 
tical  genes,  CC  or  cc,  is  homozygous  for  that  allele.  M4ien  the  alleles  are 
different,  as  with  Cc,  the  plant  is  heterozygous. 

W’hat  is  the  difference  in  outward  expression  (phenotype)  when  tbe 
genetic  constitution  (genotype)  is  CC,  Cc,  or  cc?  \\i[h  reference  to  our 
example  of  petal  color,  the  assumption  can  be  made  that  if  the  allele  c 
is  completely  nonfunctional,  as  regards  hydroxylation  of  pelargonidin,  two 

Fig.  10-1.  77/e  conversion  of  pelargonadin  to  ci/anklin  involves  the  addition  of  a 

singhj  hydroxyl  group  and  is  controlled  hy  a  single  gene. 
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Pclari^omdin 

Scarier  color,  as  lu  scarlet 
asters  or  pciarcioumms 


Cy^mldlu 

Deep  red  color,  as  in  cranberr  ics 
or  deep  red  roses 
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alleU's  cc  should  not  lio  anv  more  efficient.  This  can  he  sliown  expiai- 
mentally,  for  flowers  of  cc  plants  are  bright  red,  and  chemical  analysis  of 

their  petals  yields  no  evanidin.  Tlu‘ 
difference  between  plants  that  are 
homozygous  (CC)  and  those  that 
are  heterozygous  (Cc)  cannot  be 
predicted.  The  allele  may  be  effi¬ 
cient  enough  to  produce  sufficient 
enzyme  such  that  plants  with  only 
one  functioning  allele  (Cc)  cannot 
be  distinguished  phenotypically 
from  those  haying  two  functioning 
alleles  (CC).  When  this  is  the  case 
it  w'ould  appear  that  the  allele  C 
dominates  c.  The  condition  in 
w'hich  heterozygous  plants  Cc  are 
indistinguishable  from  homozygous 
CC  plants  is  termed  (lomincmcc. 
If  the  heterozygote  Cc  is  interme¬ 
diate  in  phenotype  betw'een  the 
tw'o  homozygous  t\|ies  CC  and  cc, 
dominance  is  said  to  be  incomplete. 

Assume  a  complete  dominant 
(Tone  A  with  a  recessi\e  allele  a. 
A  heterozygous  plant  Aa  will  pro¬ 
duce  two  kinds  of  gametes  {A  and 
a)  in  e(jual  proportions.  A  cross, 
designated  wfith  respect  to  these 
alleles  as  Aa  X  Aa,  will  produce 
three  kinds  of  progenx  in  a  pre¬ 
dictable  ratio  if  all  gametic  and 
can  readily  be  seen  that  the  pos- 


Fig.  10-2.  Mendelian  segregation  illus¬ 
trating  incomplete  dominance  in  the  four 
oeloek  (Mirabilis  jalapa).  Sote  that  the 
phenotifpic  ratio  of  1  red:2  pink:l  ichite 
is  also  3  colored:!  noncolored. 

[Adapted  from  Oofizhansky.] 


zygotic  t\pes  are  efpially  \iable.  It  .  i  i 

sible  types  of  zygotes  resulting  from  all  combinations  of  the  two  kinds  o 

Uametes  A  and  n  will  be  AA,  Aa,  a  A,  and  aa  or  lAA,  2A«,  and  bw  ( 1- ig. 
10-2).  If  we  ussinne  dominance,  tlien  A.A  plants  are  indistintrnisliable  from 
An  plants.  Tims  the  phenotypic  ratio  becomes  3A_  (whatever  the  elfect 

may  be)  to  laa.  _  .  -ri  « 

The  rrenotvpes  .AA  and  An  may  be  distingnisherl  by  a  genetic  test.  The 

genotspe  .A.A  will  produce  a  single  t>pe  of  gamete  (.V).  The  genotype  .An 

will  prorluce  two  kinds  of  gametes  (A  and  n).  by  crossing  plants  ol  the 
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phenotype  A  with  tlieniselves,  or  witli  the  cloul)le  recessive  aa,  these  two 
genotypes  may  be  separated  on  tlie  basis  of  tlieir  progeny: 

JJ  selfed  (JJ  X  AA)  — ^  all  AA  (AA  plants  “breed  true") 
in  contrast  with 

Aa  selfed  (Aa  X  Aa)  — 3A_:laa  (Aa  plants  segre^?ate), 
or 

A  A  X  aa  — >-  all  A  a 
in  contrast  with 
Aa  X  aa  — 1  Aa:  laa. 

Generations  are  designated  by  specialized  terminology.  The  first  cross 
(usuallv  referring  to  liomozygous  genotypes  that  differ  with  respect  to  a 
particular  character)  is  the  Pi,  or  the  jyarcntal  generation.  The  progeny 
of  such  a  cross  is  the  first  filial  generation  (always  referred  to  in  writing 
and  speaking  as  the  Fj).  If  the  parents  are  homozygous  for  all  genes  con¬ 
cerned,  the  Fi  is  heterozygous  and  nonsegregating.  The  F2  (second  filial 
generation)  results  from  intercrossing  or  selfing  Fi  plants: 

Pj  A  A  X  aa 

Fi  .  a 

k2  lAA  i^Aa:  laa. 

The  F-2  is  h  pically  the  segregating  generation,  which,  if  large  enough  could 
theoretically  include  every  possible  genotype.  Further  generations  are 
known  as  F.i,  F4,  F-,,  and  so  on.  A  cross  of  the  Fi  with  one  of  its  parents 
is  known  as  a  hackcross. 


Multigcnic  Inheritance 

The  inheritance  of  a  single  gene  difference  can  be  expanded  for  ex¬ 
amples  invoK  ing  two  or  more  genes.  The  assortment  of  one  pair  of  chromo¬ 
somes  at  meiosis  has  no  effect  on  the  assortment  of  the  other  pairs;  conse- 
([uently,  genes  on  separate  chromosomes  segregate  independently  of  each 
other.  Thus,  a  plant  heterozygous  for  two  gene  pairs  (Aa  and  Bh)  will  pro¬ 
duce  four  different  types  of  gametes  ( AB,  Ah,  aB,  and  ah)  in  etpial  pro¬ 
portions.  The  selfed  progeny  of  the  AaBi)  plant  will  segregate  into  pheno¬ 
typic  ratios  of  3:1  foi  each  factor,  if  we  assume  complete  dominance.  The 
combined  phenotypic  ratio  will  be  9A_B_:3A_/;/;:.3aaB_: laab/;.  This 
cross  is  diagrammt'd  in  Fig.  10-3. 

When  two  genes  allect  the  same  biochemical  pathway  the  phenotypic 
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The  selfcd  seeds  from  F,  plaints 
represenr  gencrorion. 

The  F^  rorio  will  be : 
9A_B_  smooth  yellow  0 
3A_bb  smooth  i^recn  • 
3  ao  B_wrinklcd  yellow  o 
I  (lObb  wrinkled  yrech  • 


Seeds  from 
scifed 
flower  ore 
smooth  (AA) 
ond  yellow 
(6B). 


f  ^ 

/  ! 


All  seeds  from 
cross  poll i noted 
flowers  ore 
Smooth  lAo')  ohd 
yellow  (Bb\ 
tSecds  represent 
hv/brid  CF,  ]  yeneroti 


f" 


Pollen  10  b^ 

Artifictol  erossih 
one  flower 


Pollen  IA6) 


Seeds 

from  selfed 
flower  ore 
wrinkled  (oo) 
ond 

green  (bb) 


Fig.  10-3.  The  independent  assortment  of  two  genes  in  peas. 

[Aclaptt'd  from  Horowitz.] 

ratio  gives  some  idea  of  the  gene  action  invoh  ed.  For  example,  txvo  genes, 
hotli  of  which  show  complete  dominance,  and  hoth  of  which  interact  to 
elfect  a  single  character,  will  transform  the  9:3:3il  ratio  into  a  ratio  ol  90. 
!•  ither  gene,  when  homozygous  recessive.  M  ill  hlock  some  essential  step,  as 
shinvii  in  Kig.  lO-l.  'I'his  phenomenon  of  gene  interaction  is  called  e/MstilM'-- 
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Dilfrrciit  (yp(‘s  of  i^ciu'  ac  tion  pro¬ 
duce*  \arious  l'\>  ratios  as  a  rc'snlt  of 
tlu*  consolidation  of  various  geno- 
tvpic  classes  having  similar  pheno¬ 
types . 

Quantitative  Inheritance 

Cdiaracters  that  are  continuous 
from  one  extreme  to  the  other, 
such  as  size,  \ield,  or  (juality,  are 
of  utmost  significance  in  plant  im- 
proN'c’ment.  The  inheritance  of 
continuous  or  (jnantitati\'e  charac¬ 
ters  is  an  extension  of  the  genetic 
principles  l)rieflv  discussed  for  non- 
continnous  or  (jualHativc  traits.  It 
can  usually  he  shown  that  there  are 
many  genes  that  will  each  contrib¬ 
ute  a  small  increment  of  effect  to 
nnodify  the  character.  The  indi\’id- 
iial  effects  of  cpiantitative  genes 
(also  known  as  mvdtiple  factors, 
polygenes,  modifiers )  are  extremely 
difficult  to  ascertain  Ijecanse  of  the 
large  environmental  effects  present 
in  relation  to  the  small  contribution 
of  the  indix  idnal  gene.  As  a  result 
it  is  not  possible  to  determine  the 
precise  pattern  of  gene  action.  The 
special  tcchmhjues  used  to  analyze 
the  inheritance  of  (piantitativ'e  char¬ 
acters  in\’ol\’e  mathematical  and 
statistical  analvsis  of  the  variation 


In  rhe  tomaro,  dommanf  i)cocs  R  and 
A*"  lapricor)  are  both  required  to  syn¬ 
thesize  lycopene,  die  red  plqmcnr  in 
rhe  fruit. 


rr  '  Depletes  all  pi^menr 
Depletes  lycopene 


ticnorype 

R_ 

rr  A*"- 
rra^a^ 


Red 

Yellow 

Yellow 

Yellow 


Yellow 


Ye  1 1  o  w 


9  R-At_ 

(2)  3  rrA3_  ‘Yellow 
I  rra^ar  | 

K<itio,  9  red  :  7  yellow 

iBecause  of  differences  in  amount  of 
^  cororene,  which  produces  yellow 
color,  yellow  genotypes  can  be 
differenriqred  by  chemical 
analysis.) 

Fig.  10-4.  Epistosis  iu  the  tomato. 


in  a 


through  many  generations.  These 

tcchni(jucs  make  it  possible  to  predict  the  number  of  genes  differing 
particular  cross,  as  well  as  their  average  contribution  and  a\’erage  domi¬ 
nance.  These  methods  rely,  however,  on  particular  assumptions  (for  example, 
no  epistasis )  that  are  difficult  to  prox’c  preciseK’. 

An  example  of  the  pattern  of  (jnantitative  inheritance  is  shown  in  Fig. 
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lar  Icnqth  in  centimererj 

Fig.  10-5.  Distribution  of  ear  Icto^th  in  a  popcorn-sweet  corn  cross. 

[Adapted  from  Srb  and  Owen,  General  Genetics,  Freeman,  San  Francisco,  1953;  after  Emerson 
and  East.] 


10-5.  A  cross  between  two  homozygous  lines  of  corn,  one  sliort-eared, 
and  the  other  long-eared,  produced  an  Fi  population  whose  mean  eai 
length  was  between  the  parental  lines.  The  parental  and  F,  variation  is 
presumably  all  environmental.  The  distribution  of  the  Fo  population  in¬ 
cludes  the  homozygous  parental  types.  The  Fo  can  be  shown  mathematically 
to  have  more  variation  than  either  the  F,  or  the  lines  of  the  parental 
generation.  This  increased  variation  in  the  Fo  is  a  result  of  genetic  segrega¬ 
tion.  , 

E.xcept  for  a  deficiency  of  parental  types,  the  data  as  presented  are 

similar  to  the  data  that  would  be  e.xpected  from  a  single  partially  dominant 
gene  if  we  assume  enough  environmental  variation  to  obscure  the  c  i  - 
Lences  between  the  three  F.  classes  (AA,  A«,  aa).  However,  the  major 
differences  between  a  single  gene  and  a  many-gene  difference  can  he 
shown  bv  selfing  F,.  plants  to  produce  F,  lines.  If  nn’C  assume  a  single  gene 
difference,  there  will  be  only  three  genotypes  in  the  F,  (the  genotypic 
ratio  being  \AA:2Aa:laa) .  Two  of  these  would  be  true  breeding  genotypes 
(A-V  and  ««),  auplicadng  tbo  parental  .>pes.  Tl,e  „tl,e.-  genotrpe  (MO 
would  sesreKato  to  produce  an  F,  distribution  identical  to  the  I  .  Note 
that  eacl.  parental  tvpe  wordd  be  duplicated  in  1  of  tbe  population. 
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It  turns  out  that  there  are  many  more 
than  three  F-  genotypes  in  this  F-! 

As  the  number  ot  genes  ditferentiating 
the  parents  with  respeet  to  ear  length 
inereases  from  one  to  n,  the  number  of  F-j 
genotypes  increase  from  3  to  3".  On  the 
other  hand,  the  number  of  genotypes  re¬ 
sembling  the  parental  types  decrease 
from  2(])  of  the  F^  population  to  2(1)". 
If  we  assume  that  onl\-  10  genes  differ¬ 
entiate  ear  length,  there  are  3’"  or  59,049 
different  genot^■pes  in  the  F^.  To  recover 
e\’ery  genot\pe,  a  minimum  population 
of  4’",  or  1,048,576  plants,  would  have  to 
be  grown.  In  this  population  there  would 
be  only  one  plant  duplicating  each  of  the 
parental  genotypes. 

The  genetic  value  of  a  seed-propagated 
plant  is  the  average  performance  of  its 
progeny.  Thus,  tfie  basic  problem  in  the 
improvement  of  cjiiantitatively  inherited 
characters  lies  in  distinguishing  genetic 
from  en\  ironmental  effects.  The  plants 
that  have  the  best  appearance  may  not 
be  the  most  desirable  genotypically.  The 
great  economic  importance  of  (juantita- 
tive  characters  demands  that  the  breeder 
of  horticultural  plants  be  familiar  with 
the  basic  principles  governing  their  in¬ 
heritance. 

Linkage 

Since  plants  contain  thousands  of 
genes  but  only  a  limited  number  of 
chromosomes,  it  is  apparent  that  each 
chromosome  must  contain  many  genes. 
(>enes  located  on  the  same  chromosome 
are  not  randomU'  assorted  but  tend  to  be 
inherited  together.  This  condition  is  re¬ 
ferred  to  as  linkage.  There  is  a  relation- 


Normal  (M)  ■  Mottled  (m) 


Tall  (D)  y  Dwarf  (d) 


Peach  (p) 


Normal  (0) 


Oblate  (o) 


■X  Vi  ^ 

Woolly  (Wo/wo)  ■  Normal  (wo) 
\1/ 


t 

Normal  (Ne)  Q  Necrotic  (ne) 

1 

Simple  Inflor.  (S)  B  Compound  Inflor,  (s) 


Non-beaked  (Bk)  |  Beaked  (bk) 


Few  Locules  (Lc)  HMany  Locales  (Ic) 

Fig.  10-6.  Map  of  chroniosomc 
2  {linka<^c  grou/)  I)  of  tomato. 

[l-'rom  BiitliT,  j.  Ihntlilij,  43:25-35, 
1952.] 
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ship  between  the  pliysical  eloseness  of  genes  and  the  intensity  or  strength 
of  their  linkage.  The  assortment  of  genes  on  tlie  same  chromosome  is  re¬ 
lated  to  an  actual  exchange  of  chromosome  material  in  meiosis. 

By  special  techni(pies  it  is  possible  to  locate  genes  on  their  respective 
chromosomes.  Since  the  genes  occur  in  a  linear  secjuence  on  the  chromo¬ 
somes,  it  is  possible  to  determine  their  relationship  to  each  other  by  their 
linkage  strengths.  In  this  way  the  topology  of  the  chromosomes  may  be 
mapped,  as  shown  in  Fig.  10-6  for  the  tomato.  The  linkage  map  may  be 
constructed  only  for  genes  for  which  mutant  forms  are  known. 

Linkage  may  occur  between  genes  controlling  (pialitatiye  and  ([viantitative 
characters.  In  the  peach  there  is  a  particnlarly  undesirable  association 
between  small  fruit  size  (a  (juantitative  cliaracter  controlled  by  many 
genes)  and  the  smooth-skin  character  producing  tlie  nectarine,  whicli 
is  controlled  by  a  single  gene.  The  breaking  of  this  apparent  linkage  is  a 
prere(|uisite  for  tlie  breeding  of  large  nectarines.  Large  populations  are 
needed  to  obtain  the  rare  but  desirable  combination  that  produces  large 
nectarines  from  crosses  between  large  peaches  and  small  nectarines.  The 
smooth-skin  gene  also  appears  to  be  related  to  brown  rot  susceptibility. 
Another  interesting  association  in  the  peach  inx’olves  rubbery  Hesh  (versus 
melting  flesh)  and  clingstone  (versus  the  freestone)  character.  Similarly, 
the  glandless  varieties  of  peaches  and  nectarines  are  highly  susceptible  to 
mildew.  Unless  recombinant  t\’pes  are  obtained,  it  is  difficult  to  prove 
whether  such  associations  are  actually  genetic  linkages  or  whether  they  are 
due  to  some  physiological  relationship. 


Iltjhrkl  Vi^or 

Hybrid  vigor,  or  heterosis,  refers  to  the  increase  in  vigor  shown  by  cer¬ 
tain  crosses  as  compared  to  that  of  either  parent.  The  classic  example  of 
hybrid  vigor  is  the  mule,  an  interspecific  cross  of  a  mare  and  a  jackass.  The 
effect  in  plants  has  been  described  as  similar  to  that  caused  by  the  ad¬ 
dition  of  a  balanced  fertilizer.  Hybrid  vigor  is  often  associated  with  an 
increased  number  of  parts  in  imlclcnninalc  plants  (whose  main  axis  remains 
vegetative  and  in  which  flowers  form  on  axillary  buds,  for  example,  cucum¬ 
ber),  and  with  increased  size  of  parts  in  determinate  plants  (who.se  main 
iixis  tonninates  in  a  lldial  biul,  for  example,  sreeet  eorn).  In  perennial 

plants  the  vigor  persists  year  after  year. 

The  term  hybrid  is  applied  loosely;  any  organism  resulting  trom  geneti¬ 
cally  di.ssimilar  gametes  is  technically  a  hybrid.  Thus,  a  plant  that  is  heteio- 
zygims  for  a  single-factor  pair  is  a  genetic  hybrid.  In  horticultural  and 
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botanical  tonns  the  word  hybrid  is  often  incorrectly  used  to  refer  spcrifically 
to  tlie  rc'snlt  of  crosses  made  l)etwc‘cn  species.  TIk*  word  in  the  expression 
licbrid  corn  refcas  to  a  particular  combination  of  inbic'd  lines. 


Cienetic  Conscajuences  of  Inl)ieetlinn 

The'  plumomenon  of  bc'terosis  is  intimatedy  associatc'd  with  the  dc'cliiic 
in  \  igor  brought  about  in  some  plants  by  continued  crossing  of  closely  re¬ 
lated  indi\iduals  (/nbreec/mg).  The  gcmetic  conscajutmcc's  of  inbieeding  aic 
best  twplained  with  selfin^  (crossing  a  bisexual  plant  with  itself),  an  ex¬ 
treme  example  of  inbreeding. 

Selfing  has  no  effect  on  homozygous  loci: 


.IJ  X  J J  — ^  -fd, 
aa  X  a<(  — an. 

As  shown  previously,  hocc'ever,  the  selfing  of  a  plant  that  is  heterozygous 
for  a  single  gene  (Aa)  produces  progeny  of  which  half  are  homozygous 


(AA  and  aa).  This  phenomenon  me 
genes.  W  ith  each  generation  of  self- 

O  O 

ing,  fifty  percent  of  the  heterozy¬ 
gous  genes  become  homozygous 
(Fig.  10-7).  Continued  selfing  will 
ultimateb’  produce  plants  that  are 
homoz\gous  for  all  genes.  Such 
plants  are  known  as  inbred,  or  pare, 
lines.  Inbreeding  can  now  be  de- 
fined  as  any  breeding  s\’stem  that 
increases  the  homoze  gous  state. 

The  effect  of  inbreeding  depends 
on  the  degree  of  heterozygosity  and 
on  the  method  of  pollination  of  the 
plant.  1  lomozygous  plants  ( natu¬ 
rally  cross-  or  self-pollinated)  are 
unaffc*cted  by  inbreeding.  Xe\er- 
theless,  heterozygous  cross-pollin¬ 
ated  plants  tend  to  show  a  loss  of 
vigor  upon  inbreeding  that  closeK 
parallels  the  increase  in  homozvgos- 
it\'.  There  are.  howe\er,  great  dif- 
ferences  between  species  and  lines. 
Heterozygous  individuals  of  self- 


be  generalized  for  an\’  number  of 


Fig.  10-7.  Selfitig  reduces  the  nund)er  of 
heterozipj^ous  ^encs  Inj  Jicdf  in  each  ge/i- 
eration.  Bij  the  sixth  generation,  over  95? 
of  these  ^enes  are  expected  to  he  homo- 
zi/<ious.  Most  cross-pollinated  plants  show 
a  decrease  in  vigor  as  homozi/gositti  is 
reached. 
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pollinated  plants  can  he  obtained  bv  artificial  crosses  between  different 
hoino/N  gons  lines.  W  ben  these  hetero/\'^ons  lines  are  selfed,  the  character¬ 
istic  decline  in  vigor  coininonlv 
found  in  cross-pollinated  plants  is 
nsnallv  not  found. 

The  crossing  of  unrelated  inbred 
lines  of  cross-pollinated  crops  re¬ 
stores  the  vigor  lost  bv  inbreeding 
( l"ig.  10-8).  The  progenv  of  these 
crosses  are  referred  to  as  Fi  hy¬ 
brids.  In  maize  some  F,  hybrids 
have  shown  as  high  as  15-25%  in- 
creases  in  yield  over  the  origi¬ 
nal  open-pollinated  varieties  from 
which  the  inbred  lines  vv'ere  derived.  This  increased  vigor  is  apparently 
due  to  the  gcnotvpic  control,  which  is  made  possible  by  the  selection 
of  inbreds.  A  vigorous  Fi  hvbrid  line  being  uniform  assures  an  increased 
performance  of  the  Fi  ov^er  the  segregating  open-pollinated  varieties.  This 
lack  of  variation  in  Fi  hybrids,  although  disadvantageous  under  certain 
conditions,  is  nsnallv  desirable  in  this  age  of  mechanization  and  pre¬ 
packaging. 

Crossing  various  varieties  of  self-pollinated  crops  (vv'hich  in  reality  aie 
also  inbred  lines)  increases  vigor  in  isolated  cases,  but  the  magnitude  is 
verv'  much  less  than  in  cross-pollinated  plants. 


Fig.  lO-S.  Ili/hrid  vi^or  in  the  onioti 
from  crorisin^  two  inbred  lines. 

[(^ourtesv  K.  VV'.  Johnson.] 


Cienctic  Explanation  of  Heterosis 

Although  the  incorporation  of  heterosis  is  a  most  significant  featuie  in 
plant  improvement,  its  genetic  basis  is  not  completely  established.  Tht 
genetic  e.xplanation  must  reconcile  both  inbreeding  depression  and  the  ap¬ 
parent  stimulation  of  vigor  associated  with  heterozvgositv'.  The  two  major 
theories  proposed  are  now  referred  to  as  the  dominance  and  ovcrdominance 

hvpotheses. 

'The  dominance  hvpothesis,  first  proposed  by  Jones  in  1917,  is  based  on 
tbe  assumption  that*  cross-pollinated  plants  contain  a  large  number  of  re¬ 
cessive  genes  concealed  in  the  heterozygous  condition.  As  the  recessive 
condition  is  largely  due  to  an  absence  of  some  essential  gene  function, 
these  concealed  recessives  are  largely  deleterious.  Upon  inbreeding  they 
become  bomozvgous,  resulting  in  a  decline  in  vigor.  Crossing  inbred  lines 
from  diverse  scn.rces  restores  vigor.  The  recessives  of  each  inbred  are 
“covered  up”  by  their  dominant  or  partially  dominant  alleles,  carried  bv 
the  other  inbred,  much  as  the  wearing  of  two  moth  eaten  bathing  smts 
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cover  tlic  modesty  of  a  batlier.  In  successful  combinations  tbe  in- 
breds  mntnally  complement  eacli  others’  deficiencies.  In  its  simplest  case 


this  situation  may 

Tlie  hybrid  AaBh 
l>ccause  it  contains 


he  expressed  l^y  tlie  cross 

aaliB  X  AAhb  AaBh. 

is  more  N’igorous  than  either  of  its  homozygous  paients 
hotli  dominant  alleles,  whereas  each  parent  is  deficient 


in  either  gene  A  or  B. 

According  to  the  dominance  hypothesis,  the  vigor  of  a  hybrid  is  due 
to  the  large  number  of  dominant  genes  it  contains.  Tbe  high  heterozygosity 
is  merely  a  concomitant  and  nonessential  part  of  hybrid  vigoi.  The  tbeoix 
assumes  that,  were  it  possible  to  obtain  each  heterozygous  gene  in  tbe 
homozygous  dominant  condition,  the  vigor  of  this  genotype  would  be  as 
great  or  greater  than  that  of  the  heterozygous  tN^pe.  Tbe  failure  to  obtain 
true-breeding  homozygous  lines  that  are  as  vigorous  as  Fi  hybrids  is  due 
to  the  great  number  of  genes  involved  and  perhaps  to  linkages  betw’een 
deleterious  and  beneficial  alleles. 

The  concept  of  inbreeding  depression  lies  in  the  (piantitative  level  of 
deleterious  genes  in  the  population,  a  direct  function  of  the  natural  method 
of  pollination  and  the  phenomenon  of  dominance.  Tbe  lack  of  a  significant 
inbreeding  depression  and  of  heterosis  in  naturally  self-pollinating  crops 
is  due  to  the  absence  of  anv  deleterious  “bidden”  recessives.  Any  deleterious 
recessix'es  become  (piickK'  exposed  by  tbe  natural  inbreeding  mechanism 
of  self-pollinating  crops  and  are  eliminated  by  tbe  forces  of  natural  selec¬ 
tion. 

The  dominance  hypothesis  has  not  been  an  entirely  satisfactory  ex¬ 
planation  to  some  geneticists.  This  is  due  largely  to  the  high  estimates  of 
recessive  alleles  in  the  open-pollinated  population  re(juired  for  the  phe¬ 
nomenon  and  to  other  mathematical  considerations.  The  o\erdominance 
hypothesis  assumes  that  heterozygosity  hi/  itself  may  be  advantageous.  Tbe 
reduction  of  vigor  upon  inbreeding  is  a  direct  result  of  tbe  attainment  of 
homozygosity.  This  theory  assumes  that  the  heterozygous  condition  Aa  is 
superior  to  either  homozygote  (AA  or  aa).  This  has  been  termed  over¬ 
dominance.  There  are  two  interpretations  of  overdominance  at  tbe  gene 
level.  One  assumes  that  both  alleles  are  physiologically  active.  Tbe  com¬ 
bined  acti\ity  of  both  alleles  in  the  heterozygous  condition  produces  the 
heterotic  effect.  The  alternati\e  explanation  assumes  that  the  recessive 
allele  is  inacti\e  b»it  that  dominance  is  incomplete.  Ilowew'r,  tlu'  reduced 
amount  of  essential  gene  produced  is  optimum;  the  amount  produc(“d  bv 
th('  homozygous  t\pes  is  either  deficient  or  inhibitorw  There  are  ('xpc'ii- 
inental  verifications,  although  rare,  of  both  t\pes  of  gene  action. 
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It  is  clilficult  to  distinguish  between  tlie  doininanee  and  overdoininanec* 
hypotheses.  Tlie  essential  features  of  the  hybrid  effect  are  explained  bv 
both.  The  correct  explanation  lies  in  determining  priinarv  action  of  indi¬ 
vidual  ([uantitative  genes.  In  general,  however,  the  dominance  hypothesis 
is  thought  to  be  the  most  likely  explanation  of  hybrid  vigor. 


Poll/f)lokllf 

\"ariation  in  chromosome  number  is  referred  to  as  pohjploidij .  .Although 
manv  plants  normally  have  only  two  complete  sets  of  chromosomes  (the 
diploid  number),  other  multiples  of  chromosome  sets  may  occur.  Plants 
containing  various  numbers  of  sets  are  referred  to  as  follows. 

.NO.  OK  cnaoMosoME 

KETS  N.XMEOKTVl'E 


1 


4 


c; 


s 


inoii()])l()i(l 

diploid 

lrii)loid 

tctraploid 

])eiita|)loid 

liexaploid 

septaploid 

octo|)loid 


In  addition  to  the  variation  of  whole  sets  of  chromosomes  {euplohhj) 
there  is  variation  involving  chromosomes  within  a  set  {ancujdoidij) .  An 
example  of  aneuploid  variation  is  shown  in  Fig.  10-9. 

Many  plants  can  be  shown  to  be  naturally  polyploid.  Some  varieties  of 
apple  and  pear  are  triploid;  tart  cherries  are  tetraploid;  cultnated  straw¬ 
berries  are  octoploid.  In  this  regard  the  English  convention  of  referring 
to  the  basic  number  of  chromosomes  in  a  set  as  the  .v  number  avoids  much 
confusion.  Thus,  the  basic  number  of  chromosomes  in  the  genus  Vranaria, 
to  which  the  strawberry  belongs,  is  7  (.v  =  7).  The  chromosome  number 
in  the  vegetative  cells  of  the  cultivated  strawberry  is  .56  (8  sets  of  - 
chromosomes),  or  In  =  .56  =  S.r.  The  chromosome  numbers  in  the  gametes, 
the  haploid  or  n  number  is  n  =  28  =  4.v.  The  concept  of  n  is  haltness, 

whereas  the  concept  of  -V  is  oneness. 

l.„lvplokl,s  may  ..ocur  sponta.umusly  o,  may  be  artificially  in.lmcci  by 
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Fig.  10-9.  The  six  trisoniics  of  spinach.  The  spinach  plant  in 
the  center  is  a  diploid  having  12  chronio.'ioines  {6  pairs)  in 
the  vegetative  cells.  The  six  plants  stnroiojding^  it  all  have  13 
chromosomes.  Each  trisomic  has  a  different  extra  chromosome, 
which  confers  a  characteristic  a})i)earance. 


special  treatment.  For  example,  the  formation  of  callus  tissue  by  wound¬ 
ing  is  effective  in  inducing  tetraploidy  in  the  tomato.  An  alkaloid  called 
colchicine,  derived  from  the  autumn 


of  donhling  the  chromosome  nnm- 
her  in  a  w'ide  variety  of  plants  when 
applied  in  concentrations  of  0.1- 
0.3%.  This  drug  interferes  with  spin¬ 
dle  formation  in  mitosis;  the  chrom¬ 
osomes  divide,  hnt  the  cell  does  not. 
Tetraploids  are  produced  rontinely 
with  the  use  of  colchicine.  Seed 
treatment  (nsnallv  24  hours)  pro¬ 
duces  tetraploidy  in  about  5%  of  the 
siirvi\  ing  seedlings.  The  drug  mav 
also  be  applied  to  the  growing 
points  of  seedlings  or  large  plants 
by  a  variety  of  methods. 

.‘\n  artificially  induced  tetraploid 
may  nsnallv  be  distinguished  from 


crocus,  has  the  remarkable  propertv 


Fig.  10-10.  Increased  cluster  size  as  a 
result  of  colchicine-induced  poh/ploidi/  in 
the  Portland  pope.  {Left)'  Diploid. 
(Bight)  Tetraploid. 

[C:()iirt('sy  H.  Dornu-n.] 
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a  normal  diploid  by  its  larger, 
thicker  k'aves  and  organs  (big. 
10-10),  and  somewhat  slower, 
coarser  growth.  C"ell  si/e  is  larger, 
and  fertility  is  often  redneed. 
Larger  pollen  size  is  usually  a  relia¬ 
ble  indicator  of  tetraploids.  Actual 
chromosome  counts  are  necessary, 
however,  for  positive  identification. 
The  morphological  changes  associ¬ 
ated  with  chromosome  doubling 
varv  within  and  between  species. 
The  promiscuous  induction  of  tetra- 
ploicly  seldom  leads  to  anything  of 
immediate  value.  Ploidy  manipula¬ 
tions,  however,  have  become  a  valuable  tool  in  breeding.  In  some  plants  the 
large  size  associated  with  higher  ploidy  is  of  value;  for  example,  theie  ait 
now  a  number  of  tetraploid  snapdragon  varieties.  Ploidy  manipulation  has 
proved  of  importance  in  increasing  fertility  in  hybrids  derived  from  wide 
crosses.  In  some  crops  the  triploid  condition  is  desirable  because  of  in¬ 
creased  vigor  (Fig.  10-11)  and  fruit 
size  (pears,  apples)  or  to  take  ad¬ 
vantage  of  reduced  fertility,  such  as 
in  the  banana  or  in  tbe  seedless 
watermelon  (Fig.  10-12). 


Fig.  10-11.  Diploid,  triploid,  and  tetra¬ 
ploid  .spinach.  In  spinach  and  .sugar  beets 
the  triploid  condition  appears  to  he  the 


nio.st  vigorous. 


Fig.  10-12.  The  seedlc.ss  icateruielon  is 
the  result  of  a  cross  between  a  tetraploid 
and  a  diploid.  The  triploid  fruit  matures, 
although  as  a  result  of  sterilittj,  nw.st  of 
the  .seed  does  not  develop  normally.  7  he 
.small  underdeveloped  seeds  are  .similar  in 
texture  to  seeds  of  cucumber  in  the  edible 
stage. 

[Conrtfsy  Puriliie  Univ.] 


Chromosome  Behavior  of  Polyploids 

Tetraploids,  unlike  diploids,  have 
four  chromosomes  of  each  type.  The 
chromosome  behavior  of  tetraploids 
depends  on  their  pairing  relation¬ 
ships  at  meiosis.  If  they  pair  two  by 
two  (bivalent  pairing)  they  will 
separate  normally.  However,  if  all 
four  chromosomes  pair  together 
(({uadrivalent  pairing)  there  is  a 
possibility  of  a  3—1  distribution 
leading  to  gametes  with  unbalanced 
chromosome  numbers.  This  type  of 
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clironiosonie  separation  is  largely 
tetraploicls. 

The  cross  of  a  tetraploicl  w’itli  a 


resj)onsil)le  for  the  reduced  fertility  of 
diploid  produces  a  triploid: 


'in  gamete  +  n  gamete  =  zygote. 

Chromosome  pairing  commonly  involves  the  three  chromosomes  of  each 
t\pe  (trivalent  pairing).  When  the  chromosomes  separate  at  the  first  di¬ 
vision  of  meiosis,  two  chromosomes  go  to  one  end  of  the  cell,  and  the 
other  chromosome  goes  to  the  other.  Since  the  assortment  of  each  tiivalent 
is  independent,  gametes  with  chromosome  numbers  from  n  to  In  may  be 
formed.  Consider  spinach,  for  e.xample,  in  which  n  —  6.  In  a  triploid  (3n  — 
18)  the  possible  tvpes  of  chromosome  assortment  at  anaphase  1  of  meiosis 
is  6-12,  7-11,  8-10,  and  9-9.  The  seven  types  of  gametes  in  terms  of 
chromosome  number  (6,7,8,9,10,11,12)  are  prod\iced  in  a  binomial  dis¬ 
tribution  and  occur  in  the  fre([uency  of  1:6:15:20:15:6:1.  Only  of  the 
gametes  are  n  or  2n.  As  the  chromosome  number  of  plants  increases,  the 
frequenev  of  n  and  2n  gametes  in  triploids  becomes  very  small.  Gameto- 
phvtes  having  unbalanced  numbers  of  chromosomes  are  either  nonviable  or 
are  at  a  great  selective  disadvantage.  Conse([uently,  triploids  are  com- 
monlv  (juite  sterile.  They  may  be  propagated  asexually  ( as  in  apple  and 
pear )  or  produced  anew  each  year  from  tetraploid-diploid  crosses  ( as  in 
seedless  watermelons ) . 


Genetics  of  Polyploids 

The  single-gene  ratios  in  diploid  organisms  are  based  on  the  assortment 
of  two  alleles  per  gene.  In  tetraploids,  however,  four  alleles  are  present  at 
each  locus.  There  are  two  tvpes  of  homozygous  genotvpes  (AAAA  and 
aaaa)  and  three  kinds  of  heterozygous  genotypes  {AAAa,  AAaa,  and  Aaaa). 
The  genetic  ratios  from  crosses  involving  these  tvpes  differ  from  those  of 
diploids.  The  AAaa  heterozygote  will  produce  gametes  in  a  ratio  of  lAA: 

4Aa:laa.  If  A  is  completely  dominant  and  produces  the  A _  phenotype 

even  with  three  doses  of  a  (Aaaa),  the  progeny  of  AAaa  selfed  will  pro¬ 
duce  a  phenotvpic  ratio  of  35.\ _ -.laa.  This  ratio,  however,  is  affected  by 

the  location  of  the  gene  on  the  chromosome.  Thus,  tetraploidv  tends  to  mud¬ 
dle  the  genetic  picture.  Recessive  genes  appear  hidden,  for  thev  occur  less 
frecjuently.  .\s  a  result  of  this,  genetic  analysis  of  polvploid  species  is 
exceedinglv  complex. 
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BKKKDINC;  METHODS 

Sources  of  Variation 

Genetic  varial:)i]ity  is  tlie  raw  material  of  tlie  plant  breeder.  For  many 
cnlti\ated  plants  a  wealtli  of  material  is  available  from  \arieties  already 
under  culti\ation.  A  complete  collection  of  such  widely  grown  plants  as 
the  apple,  tomato,  or  rose  must  be  worldwide  in  scope  (Fig.  10-13).  The 
new  Crops  Rccsearch  Branch  of  the  Agricultural  Research  Service  (USDA) 
facilitates  the  e.xploration  and  introduction  of  genetic  variability  for  the 
improvement  of  plants  and  the  establishment  of  new  crops.  Societies  have 
been  organized  around  many  plants  (especially  ornamentals),  and  often 
assist  in  the  dissemination  of  plant  material.  Examples  in  the  United  States 
are  the  African  \4olet  Societ)’  and  the  Tomato  Breeders  Cooperati\e. 
Breeders  are  often  good  sources  of  plant  material. 

The  richest  source  of  genetic  variability  for  a  particular  species  has 
been  shown  to  be  its  geographical  area  of  origin.  In  this  center  of  diversity 


Fig.  10-13.  A  collection  of  English  varieties  of  tomatoes  se¬ 
lected  for  orcenhonsc  production. 

[Courti'sy  Purdue  Uiiiv.] 
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a  pool  of  genes  exists  for  exploitation  by  the  plant  breeder.  Tbe  ineorpo- 
ration  of  this  genetic  variability,  when  in  the  form  of  closely  related  species, 
may  invoKe  such  special  techni(]ues  as  tlie  manipulation  of  chromosome 
numbers  or  the  artificial  culture  of  embryos.  In  the  tomato  \aluable  genes 
for  resistance  to  Fusarium  wilt,  tomato  leaf  mold,  and  gray  leaf  spot  have 
come  from  a  related  species  that  grows  wild  in  Peru,  Lycopersicon  pimpiucl- 
Ufoliuni. 


Sports 

Mutations  of  spontaneous  origin,  although  rare,  contribute  to  genetic 
variability  These  changes  are  referred  to  in  horticultural  terminology  as 
sports.  Desirable  mutations  occurring  in  adapted,  asexually  propagated 
plants  mav  result  in  an  immediate  impro\’ement  such  as  the  color  sports 
in  many  apple  \  arieties  and  tree  t)  pes  in  coffee  plants. 

Mutations  occurring  somaticallv  mav  invoke  onlv  a  sector  of  tissues,  re- 
suiting  in  a  chimera  (Fig.  10-14).  (A  chimera  is  named  after  a  mythical 
lieast  ha\ing  the  head  of  a  lion,  the  body  of  a  goat,  and  the  tail  of  a 
dragon.)  Such  chimeras,  when  segetatively  propagated,  tend  to  be  unstable. 
This  is  because  buds  mav  be  formed  from  tissues  with  or  without  the 

Fig.  10-14.  riant  chimeras  contain  gowticalhj  different 
ti.sstics.  Various  tt/pcs  may  he  derived  from  buds  aris¬ 
ing  from  a  sectored  chimeral  stem. 

[Adiiptfd  from  Jones,  Botaii.  Rev.,  3:545—562,  1937.1 
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imitation.  For  (.‘.xample,  tlic  Wliito  Sim  carnation,  a  .sport  of  tlic  Hcd  Sim 
\aricty,  is  a  cliimera.  Bnds  wliicli  form  from  internal  tissues  will  produce 
red  fiowers.  Upon  close  inspection,  the  normal  White  Sim  blooms  also 
show  small  islands  of  red  tissue.  Care  must  be  taken  when  propagating 
from  a  sported  plant  to  insure  that  it  is  stable. 

From  a  study  of  the  performance  of  various  t\pes  of  natural  variants, 
under  different  environmental  conditions,  it  may  be  possible  to  make  an 
immediate  impro\ement  by  merelv  selecting  the  best  indixiduals.  How¬ 
ever,  with  established  crops  it  becomes  more  and  more  difficult  to  make 
improvements  in  this  manner.  Usuallv,  the  indi\idual  desirable  characters 
are  present  in  manv  plants,  no  one  of  which  contains  all  the  desirable 
attributes,  in  w'hich  case  it  becomes  necessarv  to  attempt  to  recombine  the 
characters  by  hybridization  (sexual  crossing)  in  the  hope  of  obtaining 
plants  having  as  manv  of  the  desirable  features  as  possible.  When  these 
characters  are  spread  over  many  varieties  the  process  necessitates  making 
manv  crosses. 

The  desired  characters  are  too  often  found  only  in  plants  that  may  be 
horticnlturally  unsatisfactorv  from  other  standpoints.  Resistance  to  the  ap¬ 
ple  scab  disease  is  found  in  species  with  almost  inedible  fruit  less  than  1 
in.  in  diameter.  In  addition,  there  are  a  great  many  characters  to  be  con¬ 
sidered.  For  example,  a  successful  strawberry  variety  must  satisfy  (1)  the 
growlers  wath  respect  to  vielding  abilitv,  season  of  ripening,  and  disease 
resistance;  (2)  the  consumer’s  preferences  for  appearance  and  (piality;  (3) 
the  nnrservman  producing  the  plants;  and  (4)  the  shippers,  handlers,  and 
processors. 

The  incorporation  of  these  \'arions  characteristics,  most  of  which  aie 
(piantitativelv  determined,  involves  many  series  of  crosses  carried  oxer 
manv  generations.  With  each  generation  the  amount  of  plant  mateiial  tends 
to  pyramid  into  unmanageable  proportions  unless  rigid  selection  is  main¬ 
tained.  Breeding  becomes  a  problem  in  biological  engineering.  The  main 
effort  of  tbe  plant  breeder  is  imolved  with  the  recombination  of  desired 
characters  in  as  efficient  a  manner  as  possible  in  terms  of  land,  time,  and 

labor. 


.Vrtificial  Creation  of  Variability 

One  of  the  limitations  to  plant  improvement  is  the  d(‘pendence  upon 
naturally  occurring  variation.  The  artificial  induction  of  mutation  by  radi¬ 
ation  (.\-ravs,  gamma  rays,  thermal  neutrons)  pro\  ides  a  method  for  creat¬ 
ing  changes  that  have  not  ocenred  naturally.  Since  such  induced  changes 
are  completely  random  and  are  largely  harmful,  refined  techniiines  lor 
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scrcHMiing  arc  needed.  For  example,  large  populations  of  plants  could 
easily  he  seretaied  in  the  seedling  stage  for  resistance  to  a  disease  if  the 
susceptihle  plants  died  soon  after  inoculation.  A  promising  application 
of  irradiation  may  lie  in  its  u.se  in  obtaining  heneficial  changes  in  a.se\ually 
propagated  material.  In  this  way,  otherwise  adapted  material  may  he 
screened  in  the  search  for  a  single  desirable  change  in  the  hope  of  eliminat¬ 
ing  further  generations  of  breeding  and  extensiv'e  testing. 


Genetic  Structure  of  Crop  Varieties 

The  method  of  pollination  has  a  profound  effect  on  the  genetic  con¬ 
stitution  of  the  plant.  The  amount  of  cross-pollination  varies  from  es¬ 
sentially  none  in  plants  such  as  the  garden  pea  to  100/  in  dioecious  and 
self-incompatible  plants.  Two  main  groups  are  recognized;  natinally  sclf- 
poUinated  plants,  in  which  cross  pollination  is  less  than  A%,  and  naturally 
cross-pollinated  plants,  in  which  cross  pollination  exceeds  40^.  The  inter¬ 
mediate  tN'pes  are  usually  considered  along  with  the  cross-pollinated  group. 

Self-pollinated  plants  are  ordinarily  homozygous  for  practically  all  genes. 
The  exceptions  are  a  result  of  chance  cross-pollination  and  mutation.  How¬ 
ever,  any  heterozygosity  is  (juickly  eliminated  as  a  consecpience  of  natural 
inbreeding.  Thus,  although  a  hybrid  between  two  divergent  t\’pes  will  he 
heterozygous  for  many  genes,  by  the  F(;  to  Fm  generations  of  natural  sell¬ 
ing,  the  population  will  consist  of  many  different  individuals,  each  of 
which  are  for  all  practical  purposes  completely  homozygous.  The  basic 
problem  in  the  improvement  of  self-pollinated  plants  lies  in  selecting  the 
best  genotN'pe  from  the  unlimited  number  of  different  genotypes.  Once  a 
satisfactory  homozygous  plant  is  selected  the  problem  of  genetic  mainte¬ 
nance  is  small  as  compared  to  that  of  cross-pollinated  plants. 

The  genes  in  naturally  cross-pollinated,  seed-propagated  plants  are  re¬ 
combined  constantly  from  generation  to  generation.  A  cross-pollinated  xa- 
riety  is  txpified  not  on  the  basis  of  any  one  plant  but  bv  a  population  of 
plants.  The  problem  of  improving  cross-pollinated  plants  consi.sts  in  some¬ 
how  maintaining  visible  uniformity  while  ax’oiding  the  decline  in  vigor 
associated  with  homozygosity.  In  general,  procedures  that  result  in  severe 
inbreeding  cause  a  loss  of  vigor.  Once  a  desirable  population  is  achieved 
there  is  still  the  perpetual  problem  of  maintenance.  A  uni(jue  method  of 
producing  uniformity  and  at  the  same  time  maintaining  heterozygosity 
has  been  the  process  of  producing  F,  hybrids.  At  present,  however,  techni¬ 
cal  difficulties  prevent  this  breeding  method  from  being  used  with  all 
cross-pollinated  crops. 
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A  large  number  of  cross-pollinated  crops  (apple,  rose,  gladiolus)  are 
normally  v'cgetatively  propagated.  Here  improveimait  depends  on  the  se¬ 
lection  of  a  single  desirable  genotype.  'I  he  probh'in  of  genetic  mainte¬ 
nance  is  solved  by  the  elimination  of  the  sexual  process.  In  impro\'ing 
these  plants  by  recombination,  inbreeding  must  also  be  avoided.  IIv- 
bridization  between  unrelated  plants  is  usuallv  made  in  order  to  obtain  a 
X  igorous  population  within  w  hich  selection  mav  be  practiced. 


Selection 

The  problem  of  the  breeder  confronted  w4th  a  population  containing 
manv  diverse  genotvpes  is  to  recognize  and  save  only  the  most  desirable 
tx'pes.  This  process  of  selection  differs  depending  on  the  method  of  repro¬ 
duction  of  the  plant. 


Selection  in  Self-pollinated  Crops 

Two  fundamentally  different  types  of  populations  of  self-pollinated  crops 
exist.  One  is  a  mixture  of  different  homozygous  lines  as  found  in  a 
collection  of  varieties.  Here  selection  consists  of  determining  the  best 
genotvpe  by  testing.  As  each  variety  is  homozygous,  the  problem  of  genetic 
maintenance  is  eliminated.  The  best  genotype  can  be  expected  to  be  dupli¬ 
cated  from  its  selfed  seed.  The  other  type  of  population  is  a  mixture  of 
different  heterozygous  genotxq^es,  as  found  in  the  Fu  population  of  a  cross 
betw^een  different  homozygous  varieties.  As  discussed  previously,  some  com¬ 
pletely  homozygous  tvpes  are  theoretically  expected,  but  their  number 
greatly  decreases  as  the  number  of  genes  differentiating  the  original  cross 
increases.  The  problem  of  improvement  is  now'  twofold;  to  select  the  best 
genotx'pe  and  to  transform  this  genotype  as  closely  as  possible  into  a 
homozygous  line. 

The  genetic  value  of  a  self-pollinated,  seed-propagated  plant  is  the 
average  performance  of  its  progeny.  The  task  of  selecting  the  best  gtno 
type  from  an  population  is  difficult  because  of  the  problem  of  dis¬ 
tinguishing  betwoen  genetic  and  environmental  variation.  Selection  of  the 
most  desirable  genotypes  is  accomplished  on  the  basis  of  progeny  per¬ 
formance.  This  process,  w'hich  is  know'u  as  pedigree  selection,  is  based  on 
the  assumption  that  the  best  homozygous  genotype  will  be  derived  from 
the  heterozvgous  plant  that  produces  the  most  desirable  progeny. 

Assume  that  selfed  seed  from  a  number  of  F,  plants  are  planted  ouMo 
produce  F^  lines.  Since  each  selfing  brings  about  homozygosity  in  a  50'? 
increase  each  generation,  the  variability  within  F:^  lines  will  be  halt  as 
great  as  the  variability  between  F,  plants.  That  is,  the  plants  within  a 


345 


Breeding  Method.s 

particular  F.s  line  will  resemble  each  other  more  so  than  will  the  aggiegate 
of  all  F;i  lines.  For  example,  some  lines  will  be  uniformly  large  and  some 
uniformly  small.  By  choosing  between  a  number  of  lines  rather  than 
choosing  a  single  F,  plant  there  is  less  chance  of  confusing  genetic  and 
environmental  effects. 

The  selection  process  may  then  he  repeated.  The  best  appearing  plants 
in  the  best  F3  lines  are  planted  out,  and  selection  is  made  again  on  a 
“pedigree”  basis  hetxN’een  F4  lines.  By  the  sixth  to  tenth  generation  the  lines 
derived  from  single  plant  selections  will  he  homozygous  for  over  95f  of 
their  genes.  Such  lines  are,  for  practical  purposes,  considered  to  he  tiuc 
breeding.  If  one  of  these  lines  are  of  superior  type,  it  may  he  named, 
and  is  then  considered  a  new  horticultural  variet)'. 

The  problem  of  straight  pedigree  selection  is  the  extreme  expense  it 
entails.  Fairlv  extensive  records  must  he  maintained,  and  unless  rigid 


selection  is  maintained  the  program  soon  mushrooms  to  extremely  un¬ 
wieldy  proportions. 

An  alternate  method  of  selection  is  known  as  mass  selection.  In  this  tech- 
ni(jue  the  best  appearing  plants  are  selected  and  maintained  in  bulk  with¬ 
out  testing  the  progenies  separately.  This  may  he  accomplished  by  eliminat¬ 
ing  (rogiiing  out)  the  undesirable  plants  in  each  generation  and  harvesting 
the  remaining  plants.  This  can  he  done  mechanically  for  some  crops,  such 
as  by  screening  for  seed  size  or  harvesting  at  a  particular  date  to  select  for 
a  particular  season  of  ripening.  After  6-10  generations,  the  population  will 
consist  of  a  heterogeneous  mixture  of  “somewhat  selected”  homozygous 
genotvpes.  The  progeny  of  any  plant  can  he  expected  to  form  the  basis 
of  a  new  variety.  The  problem  now  is  to  determine  the  best  genotype  by 
testing.  This  method  will  be  successful  if  the  better  genotvpes  are  retained 
in  the  mass  selection  process  either  bv  judicious  selection  or  merely  bv 
\  irtue  of  large  numbers. 

The  processes  of  mass  selection  and  pedigree  selection  can  be  combined. 
For  example,  F^  plants  can  be  “pedigree  selected”  on  the  basis  of  F^  line 
performance.  Thus  the  greatest  genetic  differences  are  exploited  earlv,  and 
the  obviously  undersirable  types  are  eliminated.  The  best  F^  lines  mav 
then  be  bulked  and  carried  on  by  mass  selection  until  homozvgositv  is 
reached,  at  which  time  “pedigree  selection”  is  resumed. 


Selection  in  Cross-pollinated  Crops 

Pedigree  selection  depends  on  genotype  evaluation  bv  inbreeding.  Straight 
pedigree  selection  is  undesirable  as  a  method  of  improving  cross-pollinated 
plants,  in  which  inbreeding  leads  to  loss  of  \igor,  unless  some  procedure 
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is  set  lip  to  combine  inbred  lines  and  restore  vigor.  Mass  selection  enables 
a  cross-breeding  population  to  become  relatively  uniiorm  tor  certain  visible 
characters  and  to  conserve  enough  variability  to  maintain  vigor.  Inbreeding 
is  avoided  by  natural  interpollination. 

Mass  selection  often  leads  to  a  rapid  improvement  of  cross-pollinated 
plants.  However,  it  sometimes  becomes  difficult  to  increase  this  “genetic 
gain”  after  a  certain  point.  To  obtain  more  control  of  the  genotypes  mak¬ 
ing  up  the  cross-pollinating  population,  pedigree  and  mass  selection  may 
be  combined.  This  is  accomplished  by  selfing  indi\  idual  plants  and  “pedi¬ 
gree  selecting”  them  on  the  basis  of  their  progeny.  The  selected  lines  are 
then  allowed  to  interpollinate  to  restore  “heterozygosity.”  The  process  may 
be  repeated  for  a  number  of  cycles.  There  are  several  variations  of  this 
procedure.  When  the  character  evaluated  is  a  fruit  or  a  seed,  selection 
must  be  made  after  pollination.  In  this  case  the  “female”  parent  is  pedigree 
selected,  and  the  “male”  parent  is  mass  selected. 

In  a  very  real  sense,  Fj  hybrids  are  an  extreme  form  of  this  method. 
Here  the  inbreeding  process  is  carried  on  to  homozygosity,  and  vigor  is 
restored  bv  combining  two  ( or  four  in  a  double  cross )  inbreds.  The  se¬ 
lection  of  the  inbred  combination  results  in  uniform,  genetically  controlled 
Inbrids. 


Selection  of  Asexualb’  Propagated  Crops 

In  asexually  propagated  plants,  selection  is  straightforward,  since  any 
genotvpe  mav  be  perpetuated  intact.  The  problem  is  one  of  testing,  that 
is,  of  determining  the  best  genotype.  If  the  most  desirable  selection  is  still 
unsatisfactorv  and  further  improvement  is  necessary,  the  selection  of  the 
best  genotype  to  be  used  for  further  crossing  is  more  difficult  because  the 
best  performing  selection  does  not  always  make  the  best  paient.  A  sample 
of  genotvpes  must  be  selected  and  tested  as  parents  on  the  basis  of  their 

pr  oge  n  \'  p  erf  or  m  an  ce . 


L’lilizdtioii  of  Ihjhi'id  \  ioor 

Till’  proiliiction  of  F,  Inbriils  us  a  hrei’cling  nietlioil  for  secil-propagatoil, 
cioss-nollinateil  plants  depends  upon  a  number  of  factors.  Tbe  first  re<|uire- 
nient  is  tliat  it  must  be  possible  to  obtain  inbred  lines.  Tins  ma\-  be  dilfieult 
ivitb  self-incompatible  plants.  In  addition,  some  inbred  lines  become  so 
xveak  tbat  tbev  are  exceediuglv  dillicult  to  maintain.  Tbe  second  re,|mre- 
ment  is  that  it  must  be  possible  to  make  an  ellieieut  cross  between  tbe  in¬ 
bred  lines.  Tliis  mas'  be  exceedini-lv  ililficult  in  perlect-llonered  plants 
m.less  eacli  band  pollination  s  ields  a  great  number  of  seeds.  One  metlioi 
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used  in  oxereoming  tin’s  is  the  incorporation  of  male  sterility,  wlneli  trans- 
f(,rins  one  line  into  a  “female”  variety  (Fig.  10-15).  If  this  method  is  used 
speeial  breeding  teehniejnes  are  reipiirt'd  to  perpc'tuate  the  male-steiile  line, 
d  he  third  re([uirement  is  an  economic  one.  1  la*  improx'ement  must  be 
great  enough  to  warrant  the  extra  expense  of  hybrid  seed. 

The  process  of  producing  F,  hybrids  by  the  inbreeding  process  has  not 
prox  ed  praetical  in  eross-pollinated  plants  that  are  x  egetatixely  propagatx'd. 
althoniih  it  is  often  suggested  as  a  breeding  method.  Fach  clonal  xarietx 
is  es.sentiallv  a  hybrid,  xvhich,  if  duplicated  asexually,  need  not  be  dupli¬ 
cated  bx’  crossing  txvo  imiipie  inbred  lines.  The  great  adx  antage  of  h  i  hy¬ 
brids  in  cross-pollinated  plants  is  their  unifonnhj  high  xigor.  Iloxvex^er, 
the  process  of  xegetative  propagation  assures  absolute  genetic  uniformity. 


Fig.  10-15  Controlled  hybridization  in  the  onion.  Genetically  determined  male 
sterility  transforms  one  inbred  to  a  female  line.  Male  sterility  in  onions  re¬ 
sults  from  interaction  between  a  cytoplasmic  factor  [s]  and  a  doubly  reces¬ 
sive  nuelear  gene  ms.  Plants  with  0  (normal)  cytoplasm  or  with  gene  Ms, 
either  homozygous  or  heterozygous  produce  viable  pollen. 

[.Xdapted  from  Srh  and  Owen,  General  Genetics,  Freeman,  San  Francisco,  1953.] 
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\  igoroiis  hybrid  genotypes  can  lie  selected  from  segregating  populations 
instead  of  creating  them  from  inbred  lines. 

As  heterosis  appears  to  be  inv'olved  to  a  lesser  extent  in  sell-pollinated 
crops,  the  creation  of  Fj  hybrids  (actually  varietal  crosses)  is  not  a  promi¬ 
nent  breeding  method  for  these  plants.  However,  since  xarietal  crosses  offer 
a  (piick  means  of  producing  a  particular  combination,  this  method  has  found 
a  limited  place  in  some  self-pollinated  crops,  such  as  greenhouse  tomatoes. 

Although  the  maximum  amount  of  heterosis  is  obtained  In'  crossing  two 
inbreds,  a  number  of  other  less  heterotic  combinations  max’  be  made.  The 
\arious  kinds  of  crosses  that  are  referred  to  as  hvbrids  in  the  trade  are 
designated  as  folknvs. 

TVI’f:  OF  C  HOSS  NAMK  OF  IIVHKIl) 


inbred  X  inbred 
Fi  hybrid  X  inbred 
Fi  hybrid  X  Fi  hybrid 
inbred  X  variety 


single  cross 
;>-\vay  cix)ss 
double  cross 
to|)  cross 


Since  manv  inbreds  are  relatively  weak,  the  double  cross  is  an  attempt  to 
produce  seed  on  a  xigorous  plant.  Its  use  has  been  confined  to  field  corn. 
The  top  cross  has  been  used  in  spinach,  and  the  three-way  cross  is  popular 
in  sw'eet  corn. 

The  genetic  improxement  of  inbreds  is  a  specialized  txpe  of  breeding. 
Basicallv,  thev  are  treated  as  self-pollinated  plants.  Hoxvexer,  the  success 
of  an  inbred  is  often  difficult  to  determine  phenotypically  but  is  related 
to  its  success  as  a  parent.  This  ability  of  an  inbred  to  produce  good  hy¬ 
brids  is  knoxvn  as  com/;/n/;ig  ahilitii.  Combining  ability  is  inherited,  but 
the  only  xvav  to  select  for  it  is  to  test  it  directly.  Combining  ability  may 
be  selected  for  earlv  in  the  inbreeding  process  by  crossing  the  plant  to  a 
tester  at  the  same  time  it  is  selfed.  The  selfed  seed  is  set  aside  for  furthei 
inbreedim^  until  after  the  results  of  the  crossing  trial  are  evaluated. 


The  Hackcross  Method 

The  hackcross  has  been  defined  as  a  cross  of  an  F,  plant  xvith  one  of 
its  parents.  The  hackcross  method  is  a  breeding  technicpie  for  transferring 
single  characters,  readily  identifiable,  from  one  variety  to  another.  Charac¬ 
ters  controlled  by  single  genes,  such  as  certain  txpes  of  disease  resistance, 
male  sterilitv,  aiul  so  on,  are  most  easily  transferred  by  this  method.  By 
repeated  backcrossing  of  the  hybrid  to  the  parent  xariety  that  earnes  the 
most  desirable  characters  {the  recurrent  parent),  but  selecting  in  each 
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generation  for  a  single  character  from  the  otlier  parent  {the  nonrecurrent 
parent),  a  genotype  will  be  eventually  obtained  that  has  all  the  genes  of 
the  recurrent  parent  except  those  affecting  the  selected  character  from  the 
nonrecurrent  parent.  In  the  following  explanatory  discussion,  assume  that 
the  “\'arieties”  are  of  self-pollinated  plants. 

As  regards  the  consecjuences  of  the  backcross  method,  two  sets  of  genes 
must  be  considered.  One  set  consists  of  the  particular  gene  oi  genes  fiom 
the  nonrecurrent  parent  that  is  to  be  transferred.  1  he  othei  set  consists 
of  the  large  group  of  genes  making  up  the  recurrent  parent,  which  we 
do  not  wish  to  lose.  The  genes  of  the  recurrent  parent  can  be  shown  to 
be  transferred  by  an  increment  of  50^  in  each  generation  of  backcrossing. 
By  selecting  plants  at  random  in  each  generation,  we  can  expect  the  genes 
of  the  recurrent  parent  to  not  only  be  incorporated  in  the  hybrid  but  also 
to  become  homozNgous.  This  can  be  shown  easily  with  respect  to  a  single 
gene. 

Assume  a  cross  in\  ol\  ing  a  single  gene  pair,  AA  X  aa  — >-  Aci.  The  two 
t\  pes  of  backcrosses  are 

.In  X  Jd  — ^  Idalldd, 

.la  X  aa  — >-  Idollaa. 

Compare  w  ith  the  self 

.la  X  da  — ^  l.I.I  :'-2.la:  la(/. 

In  backcrossing  and  selfing,  half  of  the  genes  become  homozygous.  This 
can  be  generalized  for  any  number  of  genes.  The  rate  of  return  to  homo¬ 
zygosity  in  backcrossing  is  the  same  as  in  selfing,  but  all  of  the  honiozi/g^ous 
<^enes  resend?le  the  recurrent  parent.  If  backcrossing  to  the  same  homo¬ 
zygous  type  is  continued  for  6-10  generations,  over  95f  of  the  genes  of  the 
hybrid  will  be  identical  to  the  recurrent  parent  and  will  be  in  the  homo¬ 
zygous  condition. 

If  the  gene  transferred  is  dominant  the  procedure  is  straightforward. 
.\fter  the  last  backcross  the  gene  may  be  made  homozN'gous  by  selfing. 
If  the  character  transferred  is  recessixe,  special  testing  must  be  carried  on 
in  eaeh  generation  to  be  sure  the  plant  selected  for  backcrossing  is  betero- 
zygous  and  thus  contains  the  desired  rece.ssive. 

The  backcross  method  has  found  its  greatest  usefulness  in  self-pollinated 
crops  and  in  improving  inbred  lines  of  cross-pollinated  plants.  It  is  not  as 
useful  in  cross-pollinated  crops  because  backcrossing  is  ecjuixalent  to  self¬ 
ing  in  achieving  homozygosity.  This  may  be  overcome,  however,  by  using 
a  large  number  of  selections  of  the  recurrent  variety.  In  this  way  inbreed¬ 
ing  may  be  avoided  (Fig.  10-16). 
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Fig.  10-16.  Backcross  breeding  fur  seed)  resistance  in  the  apple.  (A)  The  frnits 
of  Malus  Horil)unda  821,  which  is  heterozygons  for  a  dominant  gene  that 
confers  resistance  to  apple  scab.  (B)  Selection  derived  from  cross  of  M. 
floribuncla  821  X  Rome  Beauty.  (C,  D)  Sub.secpient  backcro.sses  to  different 
large-fruited  tt/pes  produce  resistant  seedlings  with  increased  fruit  size  and 
(pudity.  (E)  Resistant  seedlings  are  .selected  in  the  seedling  .stage.  Su.scep- 
tible  seedlings  are  killed  by  the  disease. 


[Oourtesy  J.  H.  Shay.] 


The  main  advantage  of  the  baekeross  inetliod  is  its  predictahdity.  The 
improved  variety  is  often  indistinguishable  from  the  old  one  with  the  ex- 
eeption  of  the  added  eliaracter.  As  a  result,  extensive  testing  may  he 
avoided.  But  the  baekeross  method  eannot  be  expeeted  to  improve  the 
xarietx’  any  more  tlian  the  addition  of  the  single  seleeted  eharaeter.  More¬ 
over,  nnle.ss  this  eharaeter  is  inherited  relatively  simply  the  method  is  dit- 

fienlt  to  use. 


C  out  wiled  Ilijbndizatkm 

IMant  breeding  i.s  c.ncerned  largely  witb  the  cnntrnl  of  the  sexual  process 
i„  plants.  Before  t«n  plants  can  he  crossed  they  most  he  induced  to  ll.nver 
shnultaneonsiv.  This  may  not  aheays  occur  naturally,  hence  vanitus  ensnon^ 
mental  factor's  such  as  photoperhxl.  temperature,  and  nutrition  may  hase 
to  he  manipulated  to  achieve  synclironi/.ation  of  Howenug.  n 
neties  of  .sweet  potato  llowering  cau  he  in.lnced  only  with  dill, cult)  I  n.,, 
thev  must  he  grafted  to  species  of  morning  glory  anil  then  suh|it  i 

<n(>(iili/od  nhotoiH'iiods  and  tc'mpc'ratuirs. 

The  storage  a„!l  shipping  of  pollen  facilitates  artificial  hyhiid.zatiou  am 
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ill  soiiK'  ease's  sa\’es  iiianv  years.  l^iIU'ii  is  (|iiite  variable  in  its  ability  to 
remain  \iable.  b'or  e.xamjile,  the  pollen  ol  enenrbits  only  remains  \iable 
lor  about  three  hours.  .Apple  pollen  stori'el  under  low'  humidity  and  eool 
temperatures  (3()-36°F)  may  retain  xiability  lor  over  two  years.  A  new 
teehniejne  of  freeze-dehydration  is  a  promising  method  for  pollen  storage. 

The  basic  procedure  in  making  artificial  crosses  involves  the  following 
practices:  (1)  avoidance  of  contamination  before  artificial  pollination, 
(2)  application  of  the  pollen,  and  (3)  protection  of  the  pollinated  flower 
from  snbseijiient  contamination. 

In  perfect-flowered  plants  contamination  by  sclfing  is  avoided  bv  tbe 
j^rocess  of  cniasciihiiion.  This  consists  in  remo\’ing  the  anthers  before  tbev 
ha\’e  begun  to  shed  pollen.  It  is  done  before  the  flow'er  opens,  and  the 
techni(|ue  varies  with  the  flower  structure  (Fig.  10-17).  In  monoecious 
plants  (separate  pistillate  and  staminate  flow'ers )  the  pistillate  flow'ers  must 
be  protected  before  pollination  from  wind  or  insect  pollination  by  suitable 
protecting  devices,  such  as  paper,  glassine  bags,  or  cheesecloth  nets.  In 
insect-pollinated  plants  the  petals  are  often  removed  to  discourage  insect 
N'isitation. 

The  pollen  may  be  applied  by  one  of  several  methods.  Often  the  anthers 
are  collected  the  day  before  pollination  and  dried.  The  pollen  is  then  ap¬ 
plied  with  a  camel’s-hair  brush,  the  fingers,  a  blackened  matchstick,  or 

tig.  10-1/.  Pieporing^  a  rose  huci  for  cross-poUiiiation.  The  petals  are  cat  at  the 
base  (left)  and  at  the  tip  (center).  Pollen  is  being  supplied  to  emasculated 
flower  with  a  canuTs-hair  brush  (right). 

[Courtesy  CSDA.] 
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Fig.  10-18.  Pollen  transfer  in  cross  of 
male-fertile  X  male-sterile  onions  is 
achieved  by  caged  blow  flies. 

[Oourtesy  K.  W.  Johnson.] 


tlic  dried  Hower  it.S(‘ll,  used  as  a 
hrusli.  Tlie  pollcMi  should  he  ap¬ 
plied  in  large  amounts.  In  tlu* 
greenhouse,  the  pollination  of  di- 
oeeious  plants,  such  as  spinach,  may 
he  controlled  hy  isolating  the  pistil¬ 
late  and  staminate  plants  to  he 
crossed.  The  pollination  of  onions 
is  carried  out  hv  enclosing  their 
(lower  heads  in  mesh  cages  contain¬ 
ing  blow  flies  (Fig.  10-18). 

After  pollination  the  flower  may 
need  to  he  protected  from  contami¬ 
nation  hy  cross-pollination.  This  is 
usually  accomplished  hy  enclosing 
the  flow'er  in  paper  or  glassine  hags 
(Fig.  10-19).  If  the  petals  have 
been  left,  as  in  peas,  they  may  hy 
themselves  serve  as  the  protecting 
device  w-ith  the  aid  of  cellophane 
tape.  \Mien  it  is  only  necessary  to 
keep  aw'ay  insects,  cheese  cloth  is 
usually  sufficient.  Care  must  he 


used  in  selecting  protecting  devices  that  do  not  act  as  a  heat  trap  and  thus 
prevent  successful  fruit  set.  In  citrus  and  in  apples,  insects  will  not  visit  the 


flow'ers  if  the  petals  are  removed, 
thus  protection  of  emasculated 
flow’ers  is  not  necessai)'. 

Maintaininfi  Geneiic 
Improvement 

Once  a  genetic  gain  has  been 
achieved  vigilance  is  still  rc'(|uiied 
to  maintain  improvement.  Muta¬ 
tion,  natural  crossing,  contamina¬ 
tion,  and,  in  vegetatively  propa¬ 
gated  material,  diseases,  especially 
those  caused  by  viruses,  tend  to 
cau.se  the  deterioration  or  “running 


Fig.  10-19.  A  piece  of  ordinary  soda 
.straw  protects  pistil  from  contamination 
before  and  after  jiollination. 

[Courtesy  G.  M.  Foster.] 
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out”  of  varieties.  Cenctie  deterioration  may  be  reduced  to  a  minimum  by 
continued  selection  and  careful  propagation.  In  an  effort  to  contiol  the 
purity  of  seed  many  semi-public  organizations  and  seed  associations  have 
been  formed.  In  order  to  protect  their  reputation,  seed  companies  and 
nurseries  must  strive  constantly  to  keep  their  stocks  free  of  contamination. 


Control  of  Varieties 

To  encourage  improvement  of  plants,  United  States  patent  laws  protect 
the  right  of  the  originator  to  control  the  increase  of  new  forms  of  certain 
vegetativelv  propagated  material  (white  potatoes  are  an  exception).  Only 
the  right  of  vegetative  propagation  is  protected;  the  right  to  propagate  by 
seed  is  not.  Many  varieties  of  gladiolus,  rose,  apple,  peach,  and  pear  are 
patented.  In  this  wav,  the  breeder,  l)e  he  a  private  individual,  group,  or 
public  agency,  may  justly  profit  from  his  discoveries,  just  as  the  inventor 
or  chemist  may  be  rewarded  b\’  his  invention,  discovery,  or  new  process. 

Although  seed-propagated  crops  cannot  now  be  patented,  the  name  can 
be  copyrighted,  and  the  x  arietv  can  be  indirectlv  controlled  in  this  manner. 
However,  seed-propagated  hybrids  can  be  biologically  controlled  by  the 
breeder.  For  example,  the  control  of  the  uni(pie  sets  of  inbreds  controls 
the  hybrid  even  more  effectively  than  does  legal  control.  In  varietal  hybrids 
of  self-pollinated  plants,  such  as  tomato,  merely  knowing  the  two  varieties 
that  are  used  to  make  the  hybrid  out  of  the  hundreds  available,  may  ef¬ 
fectively  control  its  production. 
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Marketing 


llORTICULTUKE  AFTER  HARVEST 

Tlie  patli  of  horticultural  products  from  the  growing  plant  to  the  con¬ 
sumer  is  complex.  Marketing  may  be  defined  broadly  as  the  activities  that 
direct  the  flow  of  goods  from  producer  to  consumer— that  is,  the  operations 
and  transactions  involved  in  their  movement,  storage,  processing,  and  dis¬ 
tribution.  These  operations  ha\e  dexeloped  into  a  highly  specialized  tech¬ 
nology.  Many  production  operations  are  a  direct  part  of  marketing.  When 
the  grower  selects  a  particular  \ariety  to  plant,  he  is  very  often  making 
a  marketing  decision.  Production  decisions  that  determine  ultimate  .[uality, 
such  as  methods  of  disease  control,  ma>'  ultimately  become  as  much  a  part 
of  marketing  as  decisions  to  store  or  to  sell  or  to  prepack  or  to  hulk  ship. 
Manv  in-odimtion  and  marketing  operations  are  connected  and  mterrelatet . 
For  rwample,  the  harvesting,  grading,  and  packing  of  lettuce  is  comhnuH  in 

one  field  operation. 

The  inii(|ii0  aspects  marketing  of  lioi  tienltural  proilncts  are  (  ue  to 
tlreir  irerishahle  nature,  .\fter  liarx  est.  the  liorticnltnral  prodnet  is  sti  I  alive 
and  conseil.ientlv  deteriorating.  The  ultimate  ipiality  of  the  product  at 
tlie  coiisiimer  level,  which  is  what  determines  its  real  economic  value, 
hinges  upon  its  treatment  after  harvest. 


M  A  R  K  E  I  I  N  C;  F  U  N  C:  T  IONS 

Marketim-  activities  contribute  certain  increments  of  value  tu  horticnl- 
turil  liducts  hecaiise  of  the  applications  of  iiiiirkCiiig  /iiiictio,,.  Ihesc 
have  I  ecu  categori/.ed  as  <■.«/, iiiigc,  ph'jsic^h  and  faciWalkm  "  " 

haiige  fuiicHoiis  are  those  activities  involved  in  the  transfer  of  ti  e 
aoods,  ‘that  is,  linying  and  selling.  Buying  in  its  hroadest  sense  niclni 
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tlie  set'king  out  and  assembling  of  sources  of  supplv.  Tliis  inav  iinolve 
many  transactions  and  many  people  at  xarions  le\els  of  the  marketing 
operation.  Similarly,  selling  iinoKes  not  only  the  transfer  of  goods  but  also 
includes  merchandising  (packaging,  advertising,  and  promotion).  'I'he 
physical  functions  associated  with  marketing  involve  storage,  transportation, 
and  processing.  These  add  the  tangible  \alues  of  prolonged  a\ailability, 
movement,  and  change  in  the  form  of  the  product.  Finally,  the  f(tciJilalin<^ 
functions  make  possible  the  orderly  performance  of  the  exehange  and 
ph\'sical  functions.  They  include  grading,  financing,  risk  bt'aring,  and  com¬ 
munication  (market  information).  The  total  cost  of  these  operations,  the 
markctin<^  niai'fiin,  may  greatly  exceed  the  entire  cost  of  production  ( Fig. 
11-1).  These  are  the  charges  of  the  maligned  middlemen  of  agriculture. 

This  chapter  is  largely  in\(d\  ed  with  a  discussion  of  technological  prob¬ 
lems  associated  with  marketing  operations.  The  detailed  structure  and  eco¬ 
nomic  ramifications  of  marketing  are  beyond  the  scope  of  this  book. 


HARVESTING 

The  close  relationship  of  harvesting  to  subsecpient  marketing  operations 
makes  its  discussion  a  proper  introduction  to  marketing  technology.  Ilar- 
xesting  is  one  of  the  crucial  features  in  the  horticultural  operation.  It  is 
often  the  costliest  production  item,  and  its  timing  has  a  direct  beaiing  on 
the  final  (iuality  of  the  product.  For  example,  maturity  has  a  great  in¬ 
fluence  on  the  subse([uent  storage  behavior  of  many  crops.  Technological 
advances  in  harvesting  have  become  an  outstanding  example  of  the  cui- 
rent  trend  of  substituting  capital  for  labor  in  horticultuial  opeiations. 


Predicting  Harvest  Dates 

A  number  of  factors  must  be  considered  with  regard  to  the  timing  of 
harvesting;  maintaining  orderly  production  operations  that  make  possible 
the  maximum  utilization  of  ecpiipment  and  labor;  setting  up  an  orderly 
marketing  secpience;  and  the  ultimate  (piality  and  appearance  of  the  prod¬ 
uct  For  many  crops,  harvesting  must  proceed  within  a  certain  narrow  tune 
interN-al,  for  cpiality  is  a  fleeting  and  elusive  factor.  Often  there  are  a  num¬ 
ber  of  conflicting  factors  to  be  considered.  For  example,  m  appli'  har\e.st, 
storage  (lualitv  is  adNersely  affected  by  delaying  maturity,  yet  on  the  other 
hand';  red  coior  tends  to  increase  with  time.  Determining  the  optimum 
time  of  harvest  is  not  a  simple,  straightforward  decision. 
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The  factors  affecting  tlie  harvest  date  of  a  crop  depend  upon  the  genetic 
nature  of  tl)e  variety;  planting,  or  l)looni,  date;  and  environmental  factois 
that  exist  during  the  growing  season.  Successive  harvest  dates  of  sw’cet 
corn  may  he  obtained  by  planting  varieties  with  different  maturity  dates. 
Similarly,  in  tree  crops,  there  are  different  varieties  that  mature  in  a  definite 
succession  ev’erv  vear.  In  the  past,  tremendous  market  gluts  of  peaches 
ha\'e  bi'en  produeed  as  a  result  of  extensive  plantings  of  one  varietx, 
Elberta.  This  has  been  alleviated  by  breeding  programs  that  have  released 
x  arieties  ripening  in  an  orderly  seijuence  over  almost  a  three-month  peiiod. 

The  harvest  date  of  annual  crops  may  be  altered  by  changing  the  se¬ 
quence  of  planting  dates,  flowever,  a  delay  in  planting  date  does  not 
necessarily  cause  the  same  delav  in  haiA'est  date.  The  time  re([uired  to 
reach  the  har\’estable  stage  is  based  largely  on  the  crop  and  its  temperature 
recjuirements  for  growth.  When  temperatures  are  below  th^  minimum  re- 
(juired  for  grow  th,  a  long  delay  in  planting  may  not  affect  the  harvest  date. 

In  some  crops  the  time  required  to  reach  the  har\estable  stage  may  be 
expressed  in  terms  of  temperate-time  values  called  heat  units  by  calculat¬ 
ing  time  in  relation  to  temperature  above  a  minimum.  For  example,  if  the 
minimum  temperature  for  grow  th  of  a  particular  crop  is  50°F,  then  a  day 
with  an  a\erage  temperature  of  60° F  would  proxide  10  degree-days  of 
heat  units.  A  dav  with  an  ax'erage  temperature  of  40° F  would  provide 
0  decree-days  of  heat  units.  The  harvest  date  can  be  ascertained  bv  an  ac- 
counting  of  accumulated  heat  units.  In  Wisconsin  it  has  been  shown  that 
1200-1250  degree-davs  are  reepured  for  the  Alaska  x  arietv  of  pea  to  mature 
if  planted  in  the  early  spring.  Under  increasing  spring  temperatures  it 
takes  longer  to  accumulate  heat  units  in  the  early  part  of  the  season  than 
later.  Assuming  that  all  temperatures  above  a  minimum  have  similar  ef¬ 
fects  on  growth,  there  would  be  a  decreasing  interxal  between  planting 
and  harxest  dates  as  the  season  progresses. 

The  heat-unit  system  has  a  number  of  limitations.  For  example,  soil  tem¬ 
peratures  more  accurately  indicate  early  groxvth  than  do  air  temperatures. 
Differences  in  day-night  temperature-shifts,  day  length  effects,  as  xvell  as 
the  differential  effect  of  temperature  on  various  stages  of  plant  groxvth, 
also  affect  the  results.  In  addition,  temperatures  aboxe  a  minimum  max- 
not  haxe  a  similar  effect  on  groxvth,  but  xvithin  limits,  may  act  exponentially, 
approximately  doubling  many  physiological  processes  with  ex  ery  18  F  rise 
in  temperature.  The  precise  determination  of  harxest  date  by  the  accumu¬ 
lation  of  temperature  data  depends  upon  a  knoxx  ledge  of  the  general  climate 
of  an  area  and  upon  experience  with  harvest  dates  based  upon  planting 
dates  for  each  crop. 
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hoi  many  long-soason  fruit  crops,  such  as  apples,  tlu*  most  rc'liahh*  index 
loi  calculating  maturity  is  tlu*  uumher  of  dax's  from  flowering,  d  in’s  xalni’, 
dctci mined  from  an  analysis  of  prexions  data,  is  snrprisinglv  consistent.  It 
xx'ould  indicate  that  other  environmental  factors  besides  temperature  are 
important  in  determining  fruit  maturity. 

A  nnmlx'r  of  physiological  criteria  are  used  to  determine  harxest  date. 
In  pears  the  proper  stage  of  eacli  variety  is  determined  hv  a  combination  of 
criteria,  among  xxhich  are  pressure  testing  of  the  fruit,  ground  color  of  the 
skin,  seed  color,  and  percentage  of  soluble  solids  (basically  sugar)  of  the 
flesh.  In  some  crops  other  criteria  are  also  utilized.  These  include  the  forma¬ 
tion  of  abscission  zones  separating  fruit  from  stem  ( mnskmelons ),  the  x  isihle 
stage  of  dex'elopment  (such  as  degree  of  hud  tightness  in  roses),  color  (to¬ 
matoes),  sugar-acid  ratio  (blueberries),  and  even  the  xvav  the  fruit  sounds 
xvhen  thumped  ( xvatermelons).  A  combination  of  methods  is  often  used  to 
determine  the  correct  degree  of  matnritx'. 


Harvesting  Methods 

Hand  harvesting  is  still  the  only  practical  method  for  many  high  value 
crops  that  are  either  sensitix  e  to  bruising  or  that  must  be  selectively  picked 
( straxxberries,  apples).  The  mechanization  of  harxesting  has  proceeded  in 
stages.  Thus,  xx'e  max^  .speak  of  complete,  semi-,  and  nonmechanized  har- 


Fig.  1 1  -2.  Mechanical  harvest  of  snap 
beans  in  W  iseonsin.  (A)  Lach  j)icker 
harvests  8-10  acres  of  snap  beans  per 
(lai/.  (B)  A  pallet  box  containing 
about  700  lb  of  snap  beans  beiie^ 
Uncered  to  the  groi/ad.  (C)  Tractors 
with  Injdraulic  lifts  loadin'],  pallets 
onto  a  truck,  which  is  dispatched  to 
the  eanninn  plant. 


[Courtesy  National  Cianner’s  Association.] 
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Fig,  1 1-3,  Mccluinical  harvest  of  sweet  corn  and  potato. 

[Photograph  at  top  l)y  J.  C.  Allen  6;  Son;  photograph  at  bottom  conrtesv  Purdue 
Univ.] 


vesting.  For  example,  in  Arizona  mnskmelons  are  liarvested  bv  hand  but 
are  placed  on  con\e\-ors,  where  they  are  graded,  and  are  packed  in  the  field 
on  inox’ing  machines.  Similar  operations  are  used  for  cabbage,  peppers, 
cauliflower,  and  broccoli. 

The  har\esting  of  many  crops  is  completely  mechanized,  although  it  is 
done  in  a  number  of  separate  steps.  For  example,  when  grown  for  proc¬ 
essing,  pumpkins  and  stpiash  are  raked  into  windrows  and  are  loaded  by 
coineyor  in  another  operation. 

for  other  crops,  harvesting  is  completely  mechanized;  all  operations  are 
performed  by  a  single  machine  in  a  single  step.  Thus,  potatoes  are  harx  ested 
by  a  combine  w  hich  digs,  removes  \  ines,  and  loads  tubers.  A  somewhat  sim¬ 
ilar  operation  is  used  to  harvest  radishes,  beets,  carrots,  and  floral  bulb 
crops.  Snap  beans  (Fig.  11-2)  and  sweet  corn  (Fig.'ll-3)  are  mechanieallv 
harvested;  canning  peas  are  now  picked,  vined,  and  shelled  in  tlu*  fi(>ld. 
Tomato  and  asparagus  har\-esters  are  in  acKanced  experimental  stagi's. 

kinit  Clops  present  a  somewhat  different  problem  in  that  tlu'  plant  itself 
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must  not  be  destroyed.  Cranberries  were  the  first  fruits  to  lx*  inaeliine 
liarvested;  tlie  principal  of  operation  involves  the  combing  of  the  vine. 
Ecpiipment  for  shaking  plums,  clingstone  peaches,  blueberries,  and  nuts  onto 
canvas  have  been  developed.  Grape  and  raspberry  harvesters  are  in  experi¬ 
mental  forms. 

In  general,  machine  harvesting  must  proeeed  hand  in  hand  witli  breeding 
to  develop  machine-compatible  plants.  Such  plants  must  usually  possess  high 
uniformity,  a  concentration  of  ripe  fruit,  and  enough  firmness  to  resist  ex¬ 
cessive  bruising,  although,  when  perfected,  the  machines  often  perform  a 
more  satisfactory  job  than  hand  harvesting.  Machine-harvested  potatoes 
show  a  decrease  in  defects  due  to  bruising.  The  culture  of  many  crops  must 
be  adjusted  to  the  machine.  For  example,  the  pickling  cucumber  harvester 
combs  the  same  vine  a  number  of  times.  Thus,  the  vines  must  be  trained  in 
one  direction.  The  problem  of  uniformity  in  many  vegetable  crops  is  facili¬ 
tated  by  the  use  of  Fi  hybrids. 


Post  Harvest  Alterations 

The  desirability,  or  (quality,  of  the  horticultural  product  refers  to  many 
different  things,  depending  on  the  commodity.  For  processing  tomat(x\s,  it 
implies  freedom  from  cracking  and  good  internal  red  color.  On  the  other 
hand,  in  the  Delicious  apple,  desirability  connotes  a  particular  flavor,  shape, 
and  pattern  of  external  red  color.  Desirability  of  nursery  stock  refers  to  via- 
bilitv,  form,  and  size,  plus  the  proper  proportion  and  packaging  of  roots 
and  soil. 

For  the  sake  of  precision,  the  general  term  (luaUtij  is  best  divorced  from 
the  meanings  suggested  by  the  terms  conditiou  and  (ij)j)C(ir(incc.  In  food 
crops  the  word  (piality  is  best  used  with  reference  to  palatability.  This  im¬ 
plies  a  pleasing  combination  of  flavor  and  texture;  flavor  resulting  from 
taste  and  smell,  and  texture  perceived  as  “mouth  feel.”  Quality  can  also 
properly  be  used  to  describe  nonedible  products  such  as  seed  or  nurser)- 
stock.  Used  in  this  sense  the  term  refers  to  the  physiological  state  of  the 
material,  connoting  high  viability  and  trueness  to  type.  Condition  refers  to 
the  presence  of,  or  freedom  from,  disease,  injury,  or  physiological  disorders. 
.\lthough  we  associate  good  condition  with  high  (juality,  this  is  not  always 
the  ca.se.  Appearance  refers  to  the  visible  attributes  of  the  product.  It  in¬ 
cludes  color,  conformation,  and  size.  Unfortunately  appearance  is  not  always 
a  reliable  index  of  (juality. 

A  number  of  physiological  and  bicxTemical  prex-esses  (xrur  in  the  har- 
xested,  nonprocessed  horticultural  product  that  contribute  to  change  (l  ahle 
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11-1).  This  may  result  iu  the  deterioration  of  (luality,  condition,  and  appear¬ 
ance  in  some  crops,  and  in  (lie  imprmement  of  <inality  and  appearance  in 


Table  11-1. 

Changes  that  occur  in  luirvc.stcd  prodttcc. 

CM AXOK 

PHOCKSS 

E.XAMI’l.KS  AM)  S  I  (J  \  I  F  I  C  A  N  E 

Watc'P  loss 

'rransi)iration 

Evaporation 

I'liattractive  a|)i)earance.  texture  changes, 
weight  loss,  “shriveling 

('arl)()liy<liate 

conversion  Enzymatic 

Starch  to  sugar;  detrimental  in  |)otato<'s. 
beneficial  in  bananas  and  pears 

Sugar  to  starch;  detrimental  in  .sweet  corn 
and  most  edible  crops 

Flavor 

Enzymatic 

Csually  detrimental.  May  be  beneficial 
(|)ersimmons.  pears,  bananas) 

Softening 

Pectic  enzymes 

Water  loss 

I'sually  iletrimental.  Beneficial  in  pears, 
bananas 

Color 

Pigment  synthesis 
or  destruction 

May  be  detrimental  or  beneficial 

'roughening 

Fiber  development 

Detrimental  in  celery 

Vitamin 

Enzymatic 

^lay  be  gain  (vitamin  .V)  or  loss  (vitamin  (’) 

Sjironting 

Hooting 

Elongation 

(irowth  and 
development 

Detrimental  in  potatoes  and  onions 

Detrimental  in  asparagus 

Decay  and  rot  Pathological 

Physiological 

Detrimental 

those  crops 

that  complete  ripening 

after  harvest.  For  most  commodities  the 

objective  is  to  maintain  the  product  as  close  to  harxcst  condition  as  pos¬ 
sible.  The  horticultural  product  must  be  maintained  in  the  living  state  be¬ 
cause  death  causes  irreversible  biochemical  changes.  These  mav  involve 
gloss  detei ioiation  and  drastic  differences  in  fla\or,  texture,  and  appearance. 
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(;  H  A  1)  I  N  G 

Owing  to  the  inherent  variability  of  horticultural  products  at  harvest,  and 
to  their  differences  in  value,  it  is  necessary  to  grade  them  aeeording  to  some 
objective  standard.  Grading  is  the  basis  of  long-distance  trade.  It  permits 
the  description  of  products  in  terms  that  are  understandable  to  both  bnver 
and  seller.  Without  a  system  of  grading,  all  products  would  have  to  bc‘  indi- 
\idually  inspected.  Grading  thus  adds  a  tangible  value  to  horticultural 
products. 

Chading  has  two  distinct  functions.  The  first  is  to  eliminate  completelv  all 
olniously  unsatisfactory  items.  This  is  extremely  important  in  packaging, 
since  diseases  spread  rapidly  in  the  suitable  environments  of  packages. 
Furthermore,  one  poor  item  visuallv  detracts,  out  of  all  proportion  to  its 
bidk,  from  the  appearance  of  a  larger  sample.  The  second  function  of  grad¬ 
ing  is  consolidation.  This  mav  include  varietv,  size,  appearance,  defects, 
and,  where  possible,  ([ualitv.  Because  of  inherent  differences,  certain  crops 
(for  example,  apple  and  pear)  are  grouped  and  identified  by  variety.  Within 
a  varietv,  size  is  the  most  obvious  gradable  factor  (Fig.  11-4).  \hirious  size 
characteristics  may  be  used:  stem  length  (roses),  stem  diameter  (trees). 


Fig.  11-4.  This  fruit  grader  .sizes  fruit  on  a  weight  basis.  The 
fiber  cartons  are  tray-packed. 

[C:t)\irte.sy  Food  Machinery  and  Chemical  Corp.] 
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spread  (shnilxs),  weight  (watermelons),  and  diameter  (most  fruit).  Grad¬ 
ing  for  appearance  mav  he  l)ased  on  tlie  absence  of  defects,  conformation, 
and  the  amount  and  intensity  of  color.  \'arious  teclmifjues  have  been  used 


to  objectively  evaluate  palatability,  such  as  the  determination  of  oil  content 
(avocados),  firmness  (tomatoes),  sugar-acid  ratio  (oranges),  specific  grav- 
itv  (white  potatoes),  and  \  arious  maturity  criteria. 

One  of  the  factors  that  determines  the  (juality  grade  of  the  proce.ssed 
product  is  the  (pialitv  of  the  raw  product.  Raw  product  grades  for  processing 
must  take  into  account  particular  demands  of  the  industry.  Some  factors 
assume  greater  importance,  whereas  others  assume  less.  For  e.xample,  apple 
skin  color  is  of  small  importance,  since  the  skins  are  removed  in  processing, 
but  large  fruit  size  is  e.xtremely  important  because  of  the  limitations  of  me¬ 
chanical  peelers.  Special  (jualih’  features  for  processing  hav^e  been  deter¬ 
mined,  for  example,  total  solids  (tomatoes),  tenderness  (peas  and  corn), 
and  sugar  content  (grapes  for  wine).  Defects,  texture,  and  internal  color 
become  veiw  important. 

Inspection  and  grading  is  backed  by  federal  law'.  The  most  comprehensive 
recent  piece  of  legislation  is  Title  fl  of  Public  Law'  733,  known  as  the  Agri¬ 
cultural  Marketing  Act  of  1946,  w'hich  directs  the  Secretary  of  Agriculture: 


To  de\elop  and  iniproxe  standards  of  (juality.  .  .  .  To  insj:)ect,  certifv,  and 
identify  the  class,  (juality,  (jnantity,  and  condition  of  agricultural  jnoducts 
when  shipj^ed  or  received  in  interstate  commerce,  under  such  rules  and 
regulations  as  the  Secretary  of  Agriculture  may  j:)rescribe  ...  to  the  end 
that  agricultural  products  may  he  marketed,  to  the  best  ad\antage,  that 
trading  may  he  facilitated,  and  that  consumers  may  he  able  to  obtain  the 
(juality  product  which  they  desire.  .  .  . 


Most  federal  standards  for  horticultural  products  are  permissive;  that  is, 
they  are  officially  recommended  but  are  not  compulsor\',  but  if  federal 
grades  are  used  to  describe  the  product,  they  must  be  complied  with.  Man¬ 
datory  grades  do  exist  in  special  conditions,  however,  as  in  the  export  of 
apples  and  pears.  Most  of  the  grade  standards  for  fruits  and  \egetables  are 

designed  for  wholesale  trading,  and  are  not  directly  carried  oxer  into  retail 
trading. 

Federal  grading  regulations  are  eomplemented  by  state  laws.  This  has 
ereated  confusion  and  disorder  where  state  regulations  differ  widely  from 
each  other  and  from  federal  standards.  The  insjK'ction  of  fresh  fruits  and 
vegetables  at  shipping  points  is  performed  by  the  combined  efforts  of  fed¬ 
eral  and  state  agencies. 
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MARK  E  T  P  R  E  P  A  R  A  1  I  ()  N 

Most  liorticiiltural  crops  re(juirc  special  preparation  after  harvest.  They 
are  iisiiallv  cleaned,  trimmed,  or  especially  treated  in  some  manner.  Root 
crops  must  be  cleaned  to  remo\e  adhering  soil  and  debris.  Mnck  grown 
potatoes  are  at  a  serious  disadv  antage  unless  the  extremely  fine  black  soil  is 
removed.  Wkishing  or  brushing  of  fruit  is  done  to  enhance  appearance.  The 
outer  leaves  of  lettuce  and  cabbage  are  routinely  removed,  as  are  the  tops 
of  beets  and  carrots.  Leaves  of  many  florist  crops,  such  as  chrv  santhemunis 
and  snapdragons,  are  stripped  by  the  grower  at  harvest.  Strawberry  plants 
are  “cleaned”  by  removing  the  dead  leav  es  and  runners. 

Many  products  are  waxed  to  prevent  water  loss  and  to  improve  appear¬ 
ance  (turnips,  citrus  fruits,  and  cucumbers).  Waxing  is  now  a  standard 
practice  for  dormant  nursery  stock,  especially  rose  plants.  Bananas  are 
dipped  in  solutions  of  copper  sulfate  to  control  storage  and  shipping  rots. 


Clilin(^ 

Curing  is  a  postharvest  treatment  used  to  prolong  the  storage  life  of  cer¬ 
tain  commodities,  e.g.  vv'hite  potatoes,  sweet  potatoes,  and  bulb  ciops.  Cui- 
ing  involves  exposing  the  product  to  specialized  temperature  or  humidity 
conditions.  White  potatoes  are  “cured”  at  55-6()°F  during  the  first  2  oi  3 
weeks  of  storage.  The  humidity  is  kept  very  high  during  this  period  to  pre¬ 
vent  shrinkage  due  to  the  loss  of  water.  Since  the  tubers  are  dormant,  sprout¬ 
ing  does  not  occur.  Curing  brings  about  the  healing  of  cuts  and  brurses  that 
occur  in  harvest.  Two  physiological  processes  are  involved:  suherizution, 
the  deposit  of  a  fatty  material  by  the  tuber,  which  produces  a  fairly  effective 
barrier  to  the  loss  of  moisture;  and  active  cell  division  of  the  periderm, 
which  produces  a  new  “hide.”  After  the  curing  period,  temperatures  are 
lowered  for  prolonged  storage  to  prevent  sprouting.  A  similar  curing  treat¬ 
ment  is  involved  in  the  storage  of  sweet  potatoes,  although  higher  curing 

temperatures  arc  involved  (around  (SO  h  ). 

In  bulbs  curing  involves  the  removal  of  water  from  the  outer  scales  and 
neck.  This  was  formerly  done  in  the  field,  but  the  trend  is  toward  the  use 
of  artificial  drying  in  storage.  Proper  curing  prevents  rot  by  eliminating  tlie 
favorable  environment  for  organisms  on  the  bulb  itself.  No  active  ce  c  ivi- 

sion  is  involved. 
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Packaoino 

I'ackagiiig  affords  protection,  coiixcniciicc,  cconoinv',  and  appeal.  \  lie 
elianges  in  packaging  have  had  great  impact  on  the  horticultural  industry. 
Before  W’orld  War  I  a  tremendous  \  ariety  of  wooden  containers  was  used 
(barrels,  boxes,  crates,  and  baskets  of  varying  shapes  and  dimensions).  By 
World  War  11  a  certain  amount  of  standardization  was  reached,  and  tlu' 
woodt'ii  bushel  basket  and  box  heeame  the  j^rineij^al  packages  us(‘d  for  a 
great  \  ariet\’  of  \  egetal)les  and  fruit.  These  containers  originated  as  a  grower 
pack  and  were  also  used  hv  the  retailer.  The  wooden  bushel  baskc‘t  has 
proved  unsuitable  in  many  crops.  It  is  bulky,  relatixely  heavy,  and  costly. 
It  is  also  expensix’e  to  fill,  since  it  must  be  faced.  Xor  is  its  shape  particularly 
suitable  for  packing;  stacking  them  wastes  space  and  badly  bruises  tlu^  con¬ 
tents,  especially  the  top  layer.  Furthermore,  the  bushel  is  no  longer  a 
convenient  retail  package,  since  it  would  necessitate  completely  repacking 
the  contents  into  refrigerated  display  cases  now  in  common  use. 

The  materials  used  for  packing  differ  with  the  product.  Wooden  packages 
are  still  being  used  for  many  products,  such  as  melons.  This  has  been  espe¬ 
cially  true  for  products  that  are  hydrocooled.  Lighter  weight  fiber  cartons 
are  now  replacing  wood  for  many  packages  (Fig.  11-5);  some  are  specially 
coated  to  gi\e  them  wet  strength.  Plastics,  paper,  and  cloth  are  now  com¬ 
monly  used  as  packaging  materials. 

fig.  1 1-.5.  Different  packages  for  apples. 

[Courtesy  Purdue  Univ.] 
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The  tc'nn  prepackaging  has  been  used  for  the  process  ot  putting  produce 
in  a  eonsiiiner  unit  package  at  some  point  before  it  is  put  on  display  in  the 
retail  store,  d'he  rise  of  the  self-ser\ice  supcMinarkets  has  irrevocably  alt('r('d 
[)aekaging  ol  horticultural  commodities,  although  perishable  commodities 
were  the  last  to  be  prepackaged.  In  1960,  o\  er  one-([uarter  of  all  fruits  and 
\  egetables  were  prepackaged  before  they  reached  the  retail  store. 

Th('  prepackaging  of  fruit  and  vegetables  has  been  made  possible  by  the 
creation  of  satisfactorv  films.  Polvetlulene  has  proved  to  be  extremely  \er- 
satile.  It  is  strong,  transparent,  moisture-resistant,  and  can  be  made  per¬ 
meable  for  gas  exchange.  The  natural  appeal  of  products  in  transparent  bags 
with  a  minimum  of  printing  has  proved  to  be  a  selling  attraction.  At  present, 
carrots  and  radishes  are  nearly  always  prepackaged,  .\pples  are  commonly 
retailed  in  fiv'c-pound  “polv”  bags  packaged  in  fiber  cartons.  Polyethylene 
films  have  had  a  great  influence  on  the  perennial  plant  business  by  elimi- 
natino-  the  need  for  heavv  moisture  carriers  such  as  peat.  In  general,  spe- 
cialized  films  are  being  created  to  suit  indi\  idual  products.  Other  materials 
such  as  cardboard,  paper,  cloth,  and  plastics  have  pro\en  useful  for  particu¬ 
lar  commodities. 

The  prepackaging  of  produce  has  put  a  premium  on  uniformity.  This  has 
eliminated  customer  handling  and  has  prevented  much  in-store  damage. 
Prepackaging  has  also  reduced  premiums  usually  paid  for  laige  size  because 
by  selling  a  fixed  cpiantity  the  customer  has  shown  a  preference  for  recei\- 
ing  a  particular  number  of  items.  Prepackaging  has  not  in  any  way  elimi¬ 
nated  refrigeration,  though  it  has  in  many  cases  increased  shelf  life  by  im- 
proN’ing  moisture  retention.  In  general,  prepackaging  has  improxed  ([uality 

lexels. 

The  ([uestion  of  who  should  do  the  prepackaging  has  not  yet  been  settled. 
There  is  controversv  over  whether  prepackaging  is  best  handled  at  the 
shipping  point  or  at  the  distribution  point.  Although  different  crops  have 
been  handled  in  different  ways,  there  is  a  trend  xx  ith  many  commodities  for 
groxver  packaging.  As  producers  have  increased  in  size,  buying  organizations 
have  dealt  directlv  with  growers  and  hax'e  specified  package  re(iuirements. 
The  producer,  if  large  enough,  often  finds  it  profitable  to  assume  the  pack¬ 
aging  operations. 


I>  HECOOIUNC 

Prccoolmii  ref«s  to  tlio  rapid  romoxal  of  l.eat  from  frcslily  l.arn-sU'd 
fruits  aird  voi;etal>lc-s  in  order  to  .slox'-  ripening  and  re.luee  detenoratioa 
prior  to  storage  or  slripnient.  Tire  rate  of  rleterioration  tlep.-nds  on  ntanx 
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factors:  temperature,  the  natural  respiration  rate  of  tlie  crop,  tlie  inoistine 
content,  the  presence  of  natural  protective  harriers  to  water  loss,  and  tlie 
presence  of  decay  organisms.  The  major  effect  of  precooling  consists  in 
reducing  the  respiration  rate.  Precooling  also  slows  deterioration  and  lot  by 
retarding  the  growth  of  decay  organisms,  and  reduces  wilting  and  shrivel¬ 
ing,  since  transpiration  and  evaporation  occur  more  slowly  at  low'  tempeia- 
tures.  The  internal  temperature  of  horticultural  products  (such  as  a  peach) 
harxested  on  a  hot  dav  may  be  2()°F  above  air  temperature.  The  removal  of 
field  heat,  to  reduce  the  temperature  of  the  harvested  product  to  .32-40  h, 
must  be  as  rapid  as  possible;  conseipiently,  a  great  deal  of  energy  is  required. 
Hence,  the  harvesting  of  many  perishable  crops  is  now  done  at  night  or  early 
in  the  mornin"  to  avoid  excessive  field  heat.  With  the  field  heat  remox'ed, 
considerably  less  energy  is  reejuired  to  maintain  low'  temperatures,  since  the 
respiration  rate  at  temperatures  of  32-40°  is  relatively  slight.  The  special 
techni(|ues  dexeloped  to  precool  vegetables  and  fruits  are:  contact  icinp^, 
hijdrocooling,  vacuum  cooling,  and  air  cooling. 

Contact  icing  refers  to  the  use  of  crushed  ice  placed  in  or  on  the  package 
to  effect  cooling.  The  major  adx  antage  of  ice  is  that  it  does  not  dry  out  the 
food  in  cooling  it.  Another  adxantage  is  that  produce  may  be  shipped  im¬ 
mediately  after  treatment,  since  cooling  takes  place  in  transit.  Although 
icing  recpiires  relatixelv  small  outlays  of  special  ecpiipment,  a  large  xveight 
of  ice  jurist  be  shipped.  Furthermore,  after  the  ice  has  melted  the  package 
is  left  onlx’  partly  full.  When  lettuce  xvas  precooled  bx^  icing,  a  packed  crate  ’ 
xxould  contain  60  lb  of  lettuce  and  .30  lb  of  ice.  The  use  of  ice  spread  me¬ 
chanically  ox'cr  the  produce  after  loading  (top  icing)  has  eliminated  the 
slack  pack,  but  cooling  is  not  as  efficient.  Contact  icing  is  being  replaced  bv 
hydro-  and  xacuum  cooling. 

Ihjdrocooling  refers  to  the  cooling  of  fruits  and  vegetaliles  xvith  xxater 
(Fig.  lf-6).  The  xvater  (usually  iced)  floxxs  through  the  packed  containers 
and  absorbs  heat  directly  from  the  produce.  The  high  efficiency  of  the  sx  s- 
teni  is  due  to  the  large  heat  capacity  and  high  rate  of  heat  transfer  of  xvater. 
The  time  reijuircd  is  related  to  the  thickness  of  the  individual  product,  as 
xxell  as  the  internal  temperature  at  the  beginning  of  the  cooling  process,  in 
relation  to  the  desired  temperature  drop.  Fungicides  such  as  calcium  hypo¬ 
chlorite  at  concentrations  of  .50- 100  ppm  are  used  to  prex  ent  the  spread  of 
decay  organisms.  One  of  the  chief  adxantages  of  hydrocooling  is  that  it  pre- 
x’ciits  the  loss  of  moisture  during  the  process.  The  crops  most  couimonlv 
hx di ocoolcd  are  peaclu*s,  sxxeet  corn,  and  ccli'ix’.  The  sxstem  reiiuires  lar'^^t'- 
x'olume  usag('  to  operate  efficientlx'. 

Vacuum  cooling  utilizes  the  rapid  evaporation  (actually  boiling)  of  xvater 
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Fig.  11-6.  A  hijdrocoolcr  in  which  the  fruit  inaij  he  brushed  as 
it  is  cooled. 

[Cxjurtfsy  Food  Machinery  and  Chemical  Corir.] 


at  reduced  pressures  to  effect  cooling.  In  a  reduced  atmospheric  pressure 
of  1/165  of  the  normal  14.7  Ib/in",  water  will  hoil  at  32°F.  This  rapid 
evaporation  takes  up  heat  directly  from  the  crop.  The  crop  must  have  a 
large  surface  area  in  proportion  to  its  volume  to  cool  (piickly  without  exces¬ 
sive  drying  of  the  surface  layers.  Lettuce  and  other  leafy  crops  are  ideally 
suited  to  vacuum  cooling.  Sweet  corn  may  he  vacuum  cooled  if  it  is  mois¬ 
tened  beforehand.  The  expensive  ecpiipment  for  vacuum  cooling  makes  it 
feasible  only  for  large  growers  or  organizations,  although  portable  \acuuni 


coolers  are  in  use. 

Air  coolino,  the  basis  of  most  refrigeration  systems,  operates  by  the  move¬ 
ment  of  refrigerated  air.  For  rapid  cooling  special  eciuipment  is  needed  to 
effect  the  high  air  circulation  recpiired.  Air  must  be  as  cold  as  possible  but 
must  not  freeze  the  produce.  To  prevent  drying,  produce  must  be  reimwed 
from  the  air  blast  after  it  is  cooled.  Solanaceous  fruit  crops,  beans,  and  ber¬ 
ries  can  be  efficiently  air  cooled.  Leafy  crops,  however,  are  not  satisfactorily 
precooled  bv  this  method  because  of  desiccation. 


I H ansfohtation 


Marketing  depends 
growers  and  upon  large 


upon  short-haul  movemeut  and  handling  by  the 
-scale,  long-haul  transportation  facilities.  One  of  the 
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revolutions  in  horticultural  marketing  has  been  the  bulk  handling  of  produce. 
(h('at  sax'ings  are  made  possible  by  the  sNuchroui/.ation  of  harxesting  and 
hauling  operations  to  minimize  handling,  d  he  harx  esting  containei  has  in¬ 
creased  in  size  to  conform  to  machine  poxxcr  ratlu'r  than  manpoxxei.  hoi 
example,  the  bushel  field  crate  is 
being  replaced  as  the  harxesting 
unit.  Automatic  potato  and  onion 
harx'csters  unload  directly  into 
truckbeds.  Hand-picking  opera¬ 
tions,  as  in  apple  and  pear,  unload 
into  30-bushel  pallet  boxes,  xvhich 
may  be  stored  directly  or  shipped 
to  processing  plants  xvhere  they  are 
automatically  unloaded  ( Fig.  11-7 ) . 

Industrial  management  techni(]ues 
in  packing  and  storage  layout  have 
been  utilized  to  facilitate  bulk 
handling.  This  has  made  centralized 
grading,  storage,  and  packing  oper¬ 
ations  particularly  efficient.  Thus,  a 
large  portion  of  the  fruit  production  in  the  Northxvest  is  handled  through 
the  centralized  facilities  of  groxver  organizations. 

Long-haul  shipment  of  horticultural  products  is  handled  principallv  bv 
truck,  railroad,  and  boat.  Special  railroad  cars  hax'e  been  constructed  to 
transport  potatoes  by  bulk  directly  from  the  harxesting  operation.  This  has 
materially  decreased  bruising,  an  important  cause  of  trouble  in  potato 
storage.  Air  shipment  of  certain  high-x^alue  perishables,  such  as  floxvers  and 
straxxTerries,  is  increasing.  Long-hanl  transportation  contributes  storage  as 
xvell  as  movement  and  necessitates  specialized  packaging,  packing  arrange¬ 
ments,  and  environmental  controls  for  the  reduction  of  in-transit  spoilage. 


Fig.  11-7.  An  automatic  j)aUet  unloader 
in  a  canning  factory. 

[C^oiirtesy  Gerl)t'r  Products  Co.] 


STORAGE  AND  PRESERVATION 

The  demand  for  most  horticultural  products  is  continuous.  Oxving  to  their 
seasonal  production  and  the  rapid  deterioration  of  horticvdtural  products 
after  harvest,  preservation  and  storage  are  essential  in  order  to  insure  an 
extended  supply.  The  principle  inxolved  in  extending  the  supplv  of  any 
hoi  ticultural  commodity  consists  in  retarding  the  natural  physiological  de¬ 
terioration  that  occurs  inherently  in  lixing  .systems  and  in  prexenting  decav 
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hy  iiiitToorganisms.  The  method  used  depends  on  the  product,  its  use,  and 
tlu'  lU'cessary  time  int('r\al  in\’ol\ed.  3'he  imposed  limitation  is  that  the 
product  he  aceeptahle  after  storage.  As  regards  plant  parts  used  for  repro¬ 
duction  (seeds,  hnlhs,  whole  plants)  the  overriding  factor  is  xiahility.  For 
fresli  fruits,  vegetables  and  flowers,  the  maintenance  of  acceptable  (jiialitv 
is  dependent  upon  preserving  the  natural,  li\’ing  state,  although  reprodne- 
ti\'e  viability  is  not  necessary.  For  the  e.xtended  storage  of  certain  food  crops 
a  number  of  proce.sses  have  been  developed  that  stop  the  life  functions  hnt 
maintain  edible  ([nality  even  tliongh  the  product  may  be  materiallv  altered 
from  its  harvest  condition.  This  change  in  form  involved  in  food  processing 
(for  e.\am]:)le,  tomatoes  to  ketchup)  may  result  in  a  new  product  that  has 
utility  far  beyond  its  preservation  function. 


Sfoi'd^e  of  Perisliahles 

The  storage  of  perishable  plant  products  in  their  natural  state  may  be 
accomplished  by  means  of  environmental  control.  The  major  principles  in- 
x'olved  in  prolonging  the  life  of  a  product  are  to  slow  down  respiration  in 
order  to  retard  microbial  activity  and  to  prevent  excessive  water  loss.  Re.spi- 
ration  and  microbial  activity  may  be  regulated  by  the  control  of  temperature 
and  of  oxygen  and  carbon  dioxide  levels.  Water  loss  may  be  prevented  by 
controlling  humidity. 

The  storage  life  of  produce  depends  not  only  on  the  storage  condition 
but  on  the  natural  rate  of  respiration.  This  may  depend  upon  the  plant  part, 
the  maturity  level,  and  the  degree  of  dormancy.  Bruising  and  decay  must 
be  considered  because  of  adverse  pathological  and  physiological  effects  ( in¬ 
creased  respiration,  discoloration). 


Temperature  Control 

For  best  results  the  storage  temperature  must  be  held  constant,  since  the 
optimum  temperature  range  for  many  products  is  narrow,  hoi  example, 
most  apple  varieties  keep  best  and  longest  when  held  at  a  constant  tem¬ 
perature  of  3()-32°F.  Temperature  increa.ses  of  as  little  as  5°F  hasten 
ripening  in  proportion  to  the  duration  of  the  increase. 

The  evolution  of  heat  by  respiration  must  be  considered  as  a  factor  in 
storage-temperature  control.  The  heat  evolved  may  be  calculated  from  the 
respiration  rate,  which  increases  with  temperature  (Table  11-2).  The  respi¬ 
ration  rate  of  produce  \’aries  considerably.  The  respiration  rate  of  spinach 
is  high  enough  such  that,  even  if  stored  at  4()°F  its  temperature  could  in- 
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Table  11-2.  The  relationship  Ifeticeen  temperature  and  heat  evolved  due  to 
inereasing  respiration . 

[Adapted  from  AKiiciiltiiral  Handbook  NO.  66,  U.SD.A.] 
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crease  to  over  100° F  in  5  days  if  no  heat  escaped.  This  is  a  real  prol)lein  in 
shipment  if  ade(juate  x  entilation  is  not  provided  \\  ithin  tlie  package. 

The  lower  limits  of  storage  temperature  must  be  determined  for  each 
item.  In  general,  most  products  undergo  some  injur\’  ^^’hen  frozen,  although 
the  degree  of  injury  differs  with  the  product.  Some  commodities  are  severeK’ 
damaged  lyv  even  slight  freezing,  whereas  others  less  susceptible  mav  un¬ 
dergo  a  number  of  successive  freezes  and  thaws  without  perceptible  per¬ 
manent  injury.  Storage  temperatures  are  usually  kept  above  the  point  at 
which  the  commodity  freezes,  although  strawberry  plants  are  often  stored 
in  the  frozen  condition. 

Injury  can  occur  at  temperatures  considerably  above  freezing  in  the 
storage  of  many  commodities.  This  injury  is  known  as  cJdJIino  injnn/  in  con- 
tiast  to  freezino  injnn/.  Chilling  injury  interferes  with  the  ripening  se- 
({uence  in  tomatoes  and  bananas.  Chilling  injurv  affects  appearance  and  ma\' 
result  in  actual  hreakdown. 


Oxygen  and  Carbon  Dioxide  Level 

In  addition  to  being  temperature  dependent,  respiration  is  also  directly 
affecK'd  by  the  oxygen  and  carbon  dioxide  levels.  The  atmosphere  normally 
contains  about  78%  nitrogen,  21%  o.xygen,  0.03%  carbon  dioxide,  and  small 
percentages  of  .se\eral  inert  gases.  Since  respiration  is  an  oxidation  process, 
a  reduction  in  the  amount  of  o.xygen  reduces  the  respiration  rate.  Although 
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slight  xariations  of  tlie  carbon  dioxide  levels  show  little  effect  on  respira¬ 
tion,  high  concentrations  may  inhibit  or  prevent  respiration. 

The  response  of  respiration  to  oxvgen  and  carbon  dioxide  levels  is  ntili/.ed 
in  the  storage  of  fruit.  In  a  gas-tight  room  filled  with  freshlv  har\ested  “lix- 
ing”  apples,  the  respiration  of  the  fruit  will  consume  the  oxvgen  and  at  the 
same  time  gi\  e  up  ecpial  concentrations  of  carbon  dioxide.  When  the  ox\  gen 
is  exhausted  the  carbon  dioxide  level  will  reach  the  original  level  of  ox\  gen; 
that  is,  '1\%.  At  this  point  anaerobic  respiration  begins,  and  alcohol  is  formed 
in  the  fruit.  However,  if  at  some  intermediate  point  fresh  air  is  introduced, 
the  amounts  of  oxvgen  and  carbon  dioxide  may  be  kept  at  compensating 
levels.  The  CO^  concentration  mav  be  further  decreased  by  passing  storage 
air  through  an  “air  scrubber,”  usuallv  a  sodium  hydroxide  solution.  This  may 
eliminate  the  detrimental  effect  of  the  high  concentration  of  carbon  dioxide 
obserx  ed  with  some  apple  x  arieties. 

If  respiration  rate  is  reduced  through  the  control  of  oxygen  and  carbon 
dioxide  lex  els,  then  storage  temperatures  may  be  kept  higher  than  normally 
re([uired.  In  the  “controlled-atmosphere”  storage  of  apples,  storage  tempera¬ 
tures  mav  be  maintained  at  37-45°F  rather  than  30-32°,  eliminating  dis¬ 
orders  of  certain  varieties  associated  with  low  temperature. 

The  principle  of  modified  atmosphere  may  be  utilized  by  using  sealed 
film  liners  that  are  differentially  permeable  to  carbon  dioxide  and  oxygen. 
This  creates  a  micro  environment  one  bushel  in  size  (Fig.  11-8).  Poly- 

ethvlene  film  is  about  five  times 
more  permeable  to  carbon  dioxide 
than  to  oxygen.  When  apples  are 
placed  in  sealed  polyethylene  film 
liners,  the  oxygen  in  the  liner  is  re¬ 
duced,  and  the  carbon  dioxide  is  in¬ 
creased  as  a  result  of  respiration. 
The  final  concentration  depends  on 
the  storage  temperature  and  the 
permeabilitx’  of  the  film.  In  general, 
increasing  the  film  thickness  de¬ 
creases  permeability,  which  results 
in  lower  oxvgen  and  higher  carbon 
dioxide  concentrations.  Film  den- 
sitv  also  influences  permeability;  for 
example,  a  film  of  density  0.9-8 


Fig.  11-8.  rohjctlujlciw  film  liners  cre¬ 
ate  a  modified-atmosphere  storage  hav¬ 
ing  a  I -bushel  capacitij.  Film  liners  are 
available  for  SO-bnshel  pallet  boxes. 

|(  :()iii  t<'sy  I’milnc  I’liiv.] 


transmits  oxvg 
0.910. 


<ren  and  carbon  dioxide  at  one  half  the  rate  of  film  of  density 


373 


Storage  and  Preservation 


Film  liners  have  made  p()ssil)Ie  an  improved  metlu)d  of  storing  some 
varieties  of  apple.  Golden  Delicious  shows  excellent  results,  although  Grimes 
Golden  does  very  poorlv.  The  high  humidity  inside  the  liner  is  an  asset,  but 
temperature  must  still  be  controlled  closely. 


Organic  X'olatiles 

A  number  of  organic  N'olatiles  are  produced  in  ripening  fruit.  Among  these 
are  acids,  alcohols,  esters,  aldehydes,  and  ketones.  The  relative  proportion 
of  these  substances  xaries  with  the  species  and  with  maturit)’,  and  is  re¬ 
flected  in  differences  in  aroma  and  fla\’or.  In  general,  the  influence  of  these 
compounds  on  respiration  is  slight.  An  exception  to  this  statement  is  ethyl¬ 
ene,  an  organic  xolatile  produced  b\’  many  fruits  during  the  ripening  phase. 
Etlnlene  is  an  unsaturated  hydrocarbon  (Colic,),  which  is  nonpoisonous 
and  has  a  sweetish  odor.  It  is  generallv  produced  in  greater  amount  than 
the  other  organic  \olatiles,  usually  accounting  for  two-thirds  of  the  total 
carbon  lost  in  volatile  form.  In  apples  it  may  be  present  in  an  amount  l()-5() 
times  that  of  other  volatiles. 

Ethvlene  gas  lias  a  profound  effect  on  the  ripening  phase  of  many  fruits, 
although  its  exact  phvsiological  role  is  not  clear.  Ethylene  applied  externall\‘ 
to  immature  fruits  influences  the  respiration  and  ripening  but  has  no  effect 
on  ripe  fruits.  A  certain  minimum  concentration  and  minimum  time  of 
exposure  triggers  an  irrev^ersible  stimulation  of  respiration.  Fort\'  ppm  is 
sufficient  to  stimulate  ripening  in  honeydew  melon.  A  24-hour  exposure  is 
sufficient  if  temperatures  are  high  enough. 

Ethylene  gas  has  been  used  commercially  to  effect  other  processes.  For 
example,  oranges  may  be  “degreened”  by  ethylene  gas.  This  involves  destruc¬ 
tion  of  chlorophyll  associated  with  the  peel.  This  effect  was  first  obserxed 
from  the  use  of  kerosene  heaters  in  shipment.  Ethvlene  gas  is  not  produced 
naturally  by  citrus  fruits,  but  it  may  be  produced  from  a  Penicilliutn  mold 
that  is  often  associated  with  them.  Ethylene  is  used  coinmerciallv  in  banana 
ripening  rooms  to  produce  uniform  ripening  or  to  accelerate  ripening.  At 
high  concentrations  ethylene  has  been  used  to  defoliate  rose  bushes.  It  is 
also  used  incidentally  in  dehusking  walnuts,  inhibiting  potato  sprouting,  and 
inducing  flowering  in  pineapple. 

Ethylene  gas  adversely  affects  growing  plants.  Thus,  neither  plants  nor 
cut  flowers  can  be  stored  with  apples.  Scion  wood  stored  in  apple  storages 
may  show  sexere  damage  as  a  result  of  bark  peeling  and  splitting. 

Humiclity  Control 


The  control  of  humidity 
horticultural  products.  In 


is  directly  related  to  the  keeping  (jualitx  of  nianx' 
general,  loxv  humidity  is  likely  to  result  in  desic- 
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cation  and  wilting.  On  the  otlier  hand,  liigh  Iminiditv  favor.s  the  develop¬ 
ment  of  decay,  especially  if  temperatures  are  too  high.  Humidity  control 
has  become  an  important  feature  of  modern  storage  facilities. 

4  he  amount  of  moisture  in  the  air  can  be  expressed  as  absolute  or  rclatice 
humidity.  Absolute  humidity  refers  to  the  amount  of  moisture  per  cubic 
foot  of  air.  It  is  expressed  as  grains  of  water  (one  grain  ecpials  l/7()()() 
pound).  However,  the  amount  of  water  vapor  that  can  be  held  in  a  giv'en 
space  decreases  with  decreasing  temperature.  Relative  humidity  is  the  water- 
vapor  content  of  the  air  expressed  as  a  percentage  of  the  amount  it  is 
capable  of  absorbing  at  the  same  temperature.  The  abilitv  of  a  storage  to 
dry  out  products  is  related  to  relative  humiditv  and  temperature.  This 
“dr\4ng  power”  of  air  is  proportional  to  the  water  vapor  deficit  below  satu¬ 
ration.  At  high  temperatures  small  differences  in  the  relative  humidit\’  repre¬ 
sent  large  differences  in  drying  power.  At  low  temperatures  the  reverse  is 
true.  Relative  humidity  may  be  increased  in  storage  by  either  adding  mois¬ 
ture,  as  by  the  use  of  fine  mist,  or  by  lowering  the  temperature.  However,  in 
refrigerated  storages  if  the  differences  in  temperature  between  the  refrigera¬ 
tion  coils  and  the  room  is  verv  large,  water  will  condense  as  ice  on  the  coils 
and  will  effectively  lower  the  humiditv.  This  may  be  avoided  by  keeping 
the  coil  temperature  within  2— 4°F  of  the  room  temperature.  Thus,  the 
refrigerant  system  must  be  large  enough  to  maintain  proper  temperature. 
Humiditv  control  becomes  more  difficult  as  the  rate  of  air  circulation  in¬ 
creases. 

For  the  storage  of  leafy  vegetables  and  root  crops  the  optimum  relati\e 
humiditv  is  90-95^,  but  for  most  fruits  and  vegetables  a  relative  hnmidity 
of  (S.5— 907  is  desired.  On  the  other  hand,  seed  is  best  stored  at  relative  hu¬ 
midities  of  4-(S7, 


Although  most  horticultural  products  ripen  on  the  plant,  there  are  a  num¬ 
ber  of  commodities  that  only  ripen  to  optimum  (juality  when  off  the  plant 
(for  example,  bananas,  pears,  avocados).  Pears  are  picked  “green’  and 
although  stored  at  30-31°F,  must  be  ripened  at  60-65°F  for  optimum  <(ual- 
itv.  The  length  of  the  storage  period  depends  on  the  variety.  When  ripened 
on  the  plant,  bananas  become  mealy,  lack  flavor,  and  are  subject  to  splitting 
and  snbse(iucnt  decay.  When  green,  bananas  can  be  stored  at  56  F.  They 
are  Ix'st  ripened  at  t(‘mperatnrcs  of  about  64°k  with  90-957  rclati\e  hinnid- 
itv  until  the  frnit  is  colored.  At  this  point  the  hnmidity  can  be  reduced  to 
8.k.  Ripening  can  be  hastened  by  holding  initial  temperatures  at  not  more 
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than  7()°F  for  the  first  18-24  hours  and  at  66°F  thereafter.  Prolonged  higli 

temperatures  inerease  deterioration  and  decay. 

Tomatoes  ripen  botli  on  and  off  of  the  plant,  hut  since  they  do  not  shiji 
or  store  satisfactorily  when  ripe,  the  fruit  may  be  picked  in  the  mature 
green  state  and  ripened  artificially.  Tomatoes  will  ripen  at  tempeiatures 
above  55°F  (preferably  at  6()-65°F),  although  the  ultimate  (juality  is  often 
less  than  that  of  vine-ripened  fruit. 


Storage  Types 

Common  storage  refers  to  facilities  in  which  the  temperature  of  the  atmos¬ 
phere  is  utilized  and  which  are  adaptable  only  where  naturally  occurring 
temperatures  are  low  enough.  Temperature  is  regulated  by  insulation  and 
natural  circulation.  The  most  primitive  type  takes  advantage  of  the  reduced 
temperature  fluctuations  of  the  soil.  Tims,  in  the  fall,  natural  trenches  or 
mounds  may  be  used  for  storing  vegetables  or  plant  material.  Caves  and 
unheated  cellars  proxide  more  usable  room,  but  above-ground  structures, 
properly  insulated  and  provided  with  sufficient  ventilation,  may  be  satis¬ 
factory  in  cooler  climates.  During  warm  weather,  cooling  is  accomplished 
by  the  intake  and  circulation  of  the  cool  night  air.  Humidity  may  be  kept 
high  with  earthen  floors.  Although  common  storage  is  cheap,  the  lack  of 
precise  temperature  and  humidity  control  often  makes  it  economicallx'  un¬ 
sound  for  many  horticultural  crops. 

In  cold  siorage,  temperature  and  humidity  are  regulated  by  refrigeration. 
Many  of  the  present  structures  are  converted  common  storages,  but  large 
structures  with  better  insulation  and  convenience  features  are  now  being 
constructed  especially  for  storage  purposes.  The  basic  refrigeration  and  x  en- 
tilation  system  involves  forced  air  circulation.  The  structure  must  be  suffi¬ 
ciently  insulated  to  conserve  poxver. 

Controlled  atmosphere  storage  inxolx'es  the  regulation  of  oxygen  and  car¬ 
bon  dioxide  levels  as  xx’ell  as  the  regulation  of  temperature.  These  storages 
aie  dix'ided  into  rooms  that  are  sealed  in  order  that  all  gaseous  e.xchange  can 
be  controlled.  The  rooms  are  closed  after  fruit  is  stored  and  remain  sealed 
until  fruit  is  removed.  Temperature,  humidity,  and  gas  concentrations  must 
be  controlled  automaticallv. 


Food  Processino 


Helatixely  long  term  preserxation  of  food 
and  chemical  processes  that  sterilize  the  food 


may  be  achieved  bv  physical 
or  render  it  incapable  of  sup- 
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porting  tlu'  growth  of  inicroorganisnis.  These  proeesses  include  drying,  can¬ 
ning,  freezing,  fermentation  and  pickling,  raising  the  sugar  concentration, 
and  irradiation. 

Drying 

Drying  is  one  of  the  most  ancient  methods  of  food  preservation.  The 
process  consists  in  removing  water  from  the  tissues,  which  results  in  a  highly 
concentrated  material  of  enduring  ([iiality  (Fig.  11-9).  The  natural  deterio¬ 
ration  of  the  product  liy  respiration  is  stopped  because  of  enzvme  inactiva¬ 
tion.  The  lack  of  free  water  protects  the  dried  products  from  decav  by 
microorganisms. 

Horticultural  products  may  be  naturally  dried  {sun  dn/in^)  or  artificiallv 
dried  {dehydration) .  Sun  drying  is  relatively  inexpensive  in  loeations  where 
summers  are  suffieiently  warm  and  dry.  Dehydration,  although  a  more  ex¬ 
pensive  proeess,  has  a  number  of  adv'antages;  the  process  ean  be  earried  on 
independently  of  climate,  drying  time  is  redueed,  and  cjuality  may  be  im¬ 
proved.  The  yield  of  dried  fruit  from  a  dehydrator  is  slightly  higher  than 
from  sun  drying  because  sugar  is  not  lost  as  a  result  of  continued  respira¬ 
tion  and  yeast  fermentation.  Furthermore,  sun  drying  reejuires  considerable 
land  and  presents  sanitation  problems. 

Dehydration  is  t\pically  accomplished  by  hot-air  drying.  Air  both  con- 


Fig.  11-9.  Didn/drated  snap  beans  and  the  reconstituted  prod¬ 
uct. 

[Courtesy  Quartermaster  Food  and  Container  Inst.] 
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ducts  lieat  to  tlie  food  and  carries  away  the  liberated  moisture  vapor.  Many 
t\pes  of  e(|uipinent  are  used  for  fruits  and  vegetables.  After  being  sorted, 
washed,  peeled,  and  trimmed,  fruits  to  be  dehydrated  may  be  treated  with 
sulfur  dioxide  fumes,  which  act  as  a  bleaching  agent  in  lighter  colored  fiuits 
and  as  a  chemical  aid  to  preserv'ation.  Safe  drying  temperatures  are  near 
140  F.  The  moisture  content  of  fruits  is  reduced  to  15-25%.  In  the  dehydra¬ 
tion  of  vegetables,  enzvme  systems  are  first  inactivated  by  heating  in  boiling 
water  or  steam  {hla)whin^) .  Many  vegetables  are  also  more  stable  if  given 
a  sulfur  treatment.  For  satisfactory  storage  the  moisture  content  is  reduced 
to  4%  because  of  the  low  er  sugar  content  of  \’egetables  as  compared  to  fruits. 

A  greater  (juantitv  of  fruit  is  preserved  in  the  w'orld  by  drying  than  by 
anv  other  method  of  preservation.  Among  the  important  dried  fruits  are 
raisin,  prune,  apricot,  date,  fig,  banana,  peach,  apple,  and  pear.  In  contrast, 
the  amount  of  dried  vegetables  on  the  market  is  relatively  small.  Potatoes 
are  the  most  important  dried  vegetable.  Most  successful  dried  vegetable 
products  are  used  as  flavoring  ingredients  ( for  example,  onion,  celerv’,  pars¬ 
ley,  and  their  powders).  Some  dehydrated  vegetables  are  sold  in  soup  mixes; 
others  are  used  in  remanufacturing  canned  products. 

recent  technological  dcwelopment  called  freeze-deJn/dration  mav  in¬ 
crease  the  use  of  drying  preservation.  Through  the  use  of  a  high  vacuum, 
(juick  frozen  food  can  be  dehydrated.  The  (juality  of  the  reconstituted 
product  is  greatly  improved  over  ordinary  dehydration.  The  storage  period 
of  dried  materials  is  extended  at  cool  temperatures.  At  high  humidities 
mold  growth  may  occur. 

Canning 

Canning  is  a  method  of  preservation  that  consists  in  heat  sterilizing  food 
in  an  air  tight  container.  Heating  destroys  the  human  pathogenic  and  food 
spoilage  microorganisms,  and  inactivates  the  enzymes  that  woidd  otherw  ise 
decompose  the  food  during  storage  (Fig.  11-10).  The  sealed  container  pre¬ 
vents  reinfection  of  the  food  after  it  has  been  sterilized,  and  prevents  gas¬ 
eous  exchange. 

The  application  of  sufficient  heat  to  sterilize  food  and  inactivate  enzvmes 
lesults  in  alterations  in  color,  flavor,  texture,  and  nutritive  value  of  foods. 
Quality  is  therefore  the  limiting  factor  in  canning.  The  (jualitv  of  canned 
products  may  Ik'  increased  by  ju-ompt  dispatch  of  high  (piality  raw  prod¬ 
ucts  through  the  processing  plant  and  proper  attention  to  processing  pro¬ 
cedures.  This  involves  a  precise  relationship  between  processing  time  and 
temperature  control.  In  general,  the  reduction  in  processing  time,  brought 
about  hy  increasing  temperatures,  increases  the  (jualitv-  of  the  product.  The 
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Fig.  11-10.  Canning  cherries.  The  fruit  is  being  cooked  in  .stain¬ 
less  .steel  tanks  under  a  constant  spray  of  syrup  and  color  in¬ 
gredients.  The  fruit  is  artificially  colored  and  flavored  to  make 
a  neic  product,  Mara.schino  cherries. 

[C'oiirtesy  S&W  Corp.] 


precise  time  and  temperature  recpiired  for  each  commodity  is  based  largely 
on  the  natural  acidity  of  the  food.  There  are  basically  two  groups:  a  loic- 
acid  group  (/;H  4..5-7.0),  which  includes  most  vegetables,  and  an  acid 
aioup  (pH  below  4.5),  which  includes  fruits,  berries,  tomatoes,  and  fer¬ 
mented  and  pickled  foods.  Low-acid  foods  recpiire  relatively  severe  heat 
treatment,  since  they  can  support  growth  of  Clo.stridium  hotulmuui,  a  bac¬ 
teria  that  causes  food  poisoning.  A  millionth  of  a  gram  of  the  to.xin  pro¬ 
duced  by  this  organism  will  kill  a  person.  Thus,  all  foods  capable  of  sus¬ 
taining  growth  of  this  organism  are  processed  on  the  assumption  that  the 
organisin  is  present  and  must  be  destroyed.  Since  this  organism  is  extremely 
heat  resistant  the  high  temperatures  reipiired  often  reduce  (piahty. 

The  storage  life  of  the  canned  product  decreases  as  the  tempeiatuie  in¬ 
creases.  For"’extended  storage  (over  5  vears),  storage  temperatures  should 
be  below  5()°F.  At  storage  temperatures  above  12()°F  certain  heat-lovmg 
bucUTia  {thcrmophilcs).  wliicb  aio  not  ordinanty  all  killed  by  ibo  .stenliz.i- 
tion  pn.ce,ss,  will  co.it.nno  t,)  grow,  cansing  spoilage.  I..  I.umid  regions,  and 
..speciallv  in  coastal  areas,  whe.v  salt  concentrations  are  bigb.  storage  Id,’ 
is  li.nited  bv  tbe  lile  of  tbe  container,  wbicb  ,nay  be  sbortcned  tine  to  coi- 
rosion  of  metal  cans  or  of  tbe  metal  lids  on  glass  containers. 
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Freezing 

I'rctv.iiig  protects  food  from  spoiling  because  microorganisms  cannot  grow 
at  temperatures  below'  32°F.  llie  freezing  process  stops  most  enzyniatie 
activity  and  is  not  in  itself  destructive  to  nutrients.  Some  enzymatic  activity 
of  certain  products  must  be  stopped  by  beat  treatment  (blanching)  to  keep 
fnll  flavor  and  color  intact  during  storage. 

The  rate  of  freezing  is  an  important  factor  in  the  (jiiality  of  the  tluuved 
product.  Under  slow  freezing  relatisely  large  ice  crystals  ckwelop,  which 
fracture  the  tissue  cells;  then,  upon  thawing,  the  foods  lose  cellular  fluid, 
resulting  in  a  soft  texture.  If  freezing  occurs  rapidly  many  small  fine  crys¬ 
tals  are  formed  (about  one-hundredth  the  size  of  those  formed  during  slow 
freezing).  Because  these  crvstals  are  tightly  packed,  few'er  cells  are  rup¬ 
tured. 

The  basic  principle  of  rapid  freezing  is  the  speedy  removal  of  heat  from 
foods  bv  methods  utilizing  cold  air  blasts,  direct  immersion  in  a  cooling 
medium,  contact  with  refrigerated  plates,  and  licpiid  air,  nitrogen,  or  carbon 
dioxide.  Freezing  in  still  air  is  the  slow’est  method.  As  li\  ing  plant  cells  con¬ 
tain  much  water,  most  plant  foods  freeze  betw’een  25°  and  31  °F.  The  tem¬ 
perature  of  the  food  undergoing  freezing  remains  relatively  constant  at  its 
freezing  point  until  it  is  almost  completely  frozen.  Quick  freezing  is  de¬ 
scribed  as  a  process  in  w'hich  the  w  ater  in  food  passes  through  the  zone  of 
maximum  ice  crystal  formation  in  thirty  minutes  or  less.  This  usually  in- 
\’ol\'es  refrigerant  temperatures  of  —20°  to  — 40°F. 

The  success  of  freezing  as  a  method  of  preser\'ation  depends  on  the  con¬ 
tinuous  application  of  the  process.  Some  nutrient  loss  as  well  as  deterioration 
in  color,  texture  and  fla\'or  may  occur  during  frozen  storage,  depending  on 
the  temperature.  Best  results  are  obtained  at  a  temperature  of  -1()°F,  al¬ 
though  most  storages  are  kept  at  ()°F.  Temperatures  must  be  kept  uniform, 
hrozen  foods  must  be  packaged  to  protect  them  from  dehydration  during 
freezing  and  subsecpient  storage.  Sublimation  of  ice  occurs  in  unprotc'cted 
food,  resulting  in  a  freezing  disorder  called  freezer  burn,  which  irre\ersibly 
alters  the  color,  texture,  fhuor,  and  acceptabilit\-  of  frozen  foods. 

Fermentation  and  Picklim; 

Although  microorganisms  arc  commonly  associated  with  decay,  microbial 
action  may  be  utilized  in  food  preseryation.  The  action  of  certain  bacteria 
and  yeasts  in  decomposing  carbohydrates  is  known  as  fermentation.  The 
decomposition  may  be  accomplished  by  a  number  of  different  organisms, 
the  end  products  ^■arying  with  the  organism.  The.se  end  products  include 
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carbon  dioxide  and  water  (complete  oxidation),  acids  (partial  oxidation), 
alcoliols  (alcoholic  fermentation),  lactic  acid  (lactic  fermentation),  and 
otlu'rs.  Wdien  bnilt  up  to  snlficient  concentrations,  sonie  ol  these  bninentation 
products  create  unfa\’orable  conditions  for  other  organisms,  including  the 
original  one.  They  act  as  preservati\'es  b\'  retarding  enzymatic  deterioration 
and  impart  flaxors  that  are  regarded  as  desirable.  Fermentation  may  be 
controlled  b\’  conditions  which  fa\()r  growth  of  one  type  of  organism.  This 
is  done  through  the  regulation  of  /dl,  oxygen  a\ailability,  and  temperature 
and  through  the  use  of  salt. 

Fermentation  is  an  important  processing  method  for  some  horticultural 
crops.  The  fermentation  of  the  juice  of  grapes  or  other  fruits  produces  wines. 
The  further  fermentation  of  alcohol  to  acetic  acid  is  the  basis  of  x  inegar  pro¬ 
duction.  When  used  in  combination  with  salting  fermentation  is  called 
pickling^.  This  term  is  used  especially  for  cucumbers  but  applies  to  other 
commodities,  such  as  olix'es  and  many  x  egetables  ( onions,  tomatoes,  beans, 
cauliflower,  cabbage,  watermelon  rind).  Fermented  cabbage  (sauerkraut) 
inx  olx  es  a  number  of  distinct  fermentation  series.  Pickling  may  be  accom¬ 
plished  without  the  direct  use  of  microorganisms  by  placing  food  in  organic- 
acids  (for  example,  xinegar,  citric  acid).  For  extended  storage  of  pickled 
products  the  enzyme  sx’stems  must  be  inactixated.  This  is  usually  done  hy 
canning. 


Sugar  Concentrates 

Acid  fruits,  concentrated  to  at  least  65%  of  soluble  solids,  may  be  pre- 
serxed  xx  ith  mild  heat  treatment  if  protected  from  air.  The  high  concentra¬ 
tion  of  sugars,  and  loxy  xx  ater  content,  preserx-es  the  food.  Depending  on  the 
recipe  used  to  make  it,  the  product  may  be  called  jelly  (made  from  fruit 
juice),  jam  (made  from  concentrated  fruit),  preserxes  (made  from  xxhole 
fruit),  fruit  butter  (a  semisolid,  smooth  product  made  from  high  concen¬ 
trations  of  fruit),  or  marmalade  (made  from  citrus  fruit  and  rind).  The 
making  of  candied  or  glaceed  fruits  inx-olx  es  the  slow  impregnation  of  tissues 
with  sugar.  Storage  of  these  products  at  high  temperatures  reduce  (juality. 
Appearance  is  spoiled  by  nonenzymatic  browaiing  caused  by  reactions  of 
organic  acids  xx  ith  reducing  sugars. 


Chemical  Preservation 

In  addition  to  the  natural  preseryatixes,  such  as  salt,  xinegar,  spices,  anc 
so  on,  there  are  a  number  of  chemicals  that,  when  added  to  food,  prexent 
or  retard  deterioration.  These  are  usually  used  in  conjunction  xxith  other 
.notlHKls  „f  pieserxation.  So, no  of  tl,e  clionncul  piosorvatiyes  nsod  in  »»> 
p,opa,ation  are  inorganic  agents,  sncli  as  snifnr  (liox.tlo  and  cliim.m-.  ot  ms 


381 


Stoniiic  and  Preservation 

are  organic  agents,  sncli  as  Ixnrzoic  acid,  certain  fatty  acids  (inclnding 
sorl)ic  acid),  etlivlene  and  propylene  oxides  ( fumigants ),  and  various  anti¬ 
biotics.  Eacli  lias  a  special  use  in  the  preservation  of  fruits  and  vegetables. 
For  example,  snlfnr  dioxide  is  widely  used  in  the  drying  of  fruits  and  vege¬ 
tables.  Chlorine  compounds  are  used  in  bydrocooling  and  in  piocessing. 
Potassium  sorbate  and  sodium  benzoate  are  useful  in  preventing  giowth  of 
yeasts  and  molds  in  such  fruit  products  as  fresh  cider.  Ethylene  oxide  has 
been  used  in  the  sterilization  of  spices  and  flavoring  compounds. 

Chemical  preservatives  have  a  legitimate  place  in  food  processing.  They 
are  not,  howev’er,  in  the  best  interests  of  the  public  if  used  to  deceix'e  oi  if 
there  is  any  danger  in  their  use. 


Radiation  Preservation 

Althongh  radiation  is  not  at  present  used  to  preserve  borticnltnral  foods, 
there  is  experimental  e\'idence  indicating  possible  usefulness  (Table  11-3). 


Fig.  11-11.  In]nJ)ition  of  potato  sprontin^  with  irradiation.  A  dose  of  7500  r 
jH’rinits  some  varieties  of  potatoes  to  l)e  stored  at  50° F  for  two  ijears. 

[Courtesy  Quartermaster  Food  and  Canitainer  Inst.l 
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I  able  11-3.  Radiafiou  effeefs  on  fruits  uud  vc^ct(d)les. 

[Data  cointfsy  N.  R.  Desrosier,  Purdue  University.] 


1)  OS  K 

A  1?  S  ( )  K  R  t;  1) 

CIIEMIUAL  A.\I) 

POT  EN  T  I  A  I,  n  O  HT  1  C  U  I.T  U  R  A  1, 

(  It  .\  I)  s )  * 

P  11  Y  S  1  O  LO  (;  I  (’  1.  A  LT  E  H  .V  T  IONS 

A  1*P  LI  CAT  IONS 

ltd 

Inteitere.s  with  .sensitive  enzyme 
systems  (.Vnxin,  DNA) 

lt)2 

Treatment  of  seed  jiotatoes  for 
storage  at  room  temperature 

It)* 

Injures  many  growth  ])roces.ses 

Sprout  inhibition  of  jiotatoes 

1()'» 

3'ermination  of  growth  proce.s.ses 

Sjiront  inhibition  of  bulbs 
Accelerate  pear  ri|)ening 

It)* 

1  testrnetion  of  !)()-!)!)%  of  micro- 

Surface  sterilization  of  fruits  and 

organisms 

vegetables  to  increase  shelf  life. 
Increase  storage  of  strawberries 
and  soft  fruits  five  fold 

It)* 

Hydrolysis  of  earhohydrates; 

Sterilize  fruits 

'i'ermination  of  respiration 

Sterilize  vegetables 

Destruction  of  enzymes,  proteins. 

Sweeten  peas 

virn.ses 

'I’enderize  asparagus 

It)’ 

('om|)lele  ti.ssue  deterioration 

*  1  Had  =  100  erji.s/g  r)f  moi.st  li.s.siie.  'I'lie  energy  of  radiation  sni)i)lied  nm.st  l>e  helow  mev 
(million  eleetron  volts)  to  i)revent  induced  radiation.  Col.alt  (iO  einit.s  radiation  l)elo\v  tliis  energy 
level. 


Di.s(ril)iitioii 
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Some  of  tlu*  possilile  uses  are  tlie  extension  of  storage*  life  of  pei  islial)les  1)\ 
lo\\'-le\’el  irradiation  (for  example,  fresli  strawberries)  and  the  inhibition 
of  such  growth  processes  as  sprouting  in  j)otatoes  (hig-  11-11)-  Radiation 
also  has  potential  nse  in  certain  unit  operations  ot  the  foejcl  indnstiy,  such 
as  the  aging  of  wine,  sweetening  ot  peas,  and  tenderizing  of  asparagus. 
Before  such  methods  can  be  adopted,  however,  conclusive  proof  must  lx* 
obtained  regarding  possible  noxious  effects  and  the  nutritional  ade(|nacy 
and  acceptabilitv  in  terms  of  flavor,  texture,  and  appearance  of  irradiated 
food.  So  far  there  has  been  no  direct  evidence  of  toxic  effects,  but  there  are 
indications  of  the  destruction  of  vdtamins  and  other  nutrients  similar  to  that 
produced  bv  heat  treatment. 


DISTRIBUTION 

Marketing,  channels  refer  to  those  agencies  that  handle  the  commodity  in 
its  course  from  producer  to  consumer,  the  actual  physical  route  as  well  as 
the  route  of  title.  In  general,  horticultural  commodities  travel  from  producer 
to  wholesaler  to  retailer  to  consumer.  The  concentration  of  goods  bv  whole- 


Fig.  11-12.  Principal  marketing  channels  for  fruits  and  vegetables. 

[Adapted  from  USDA.] 


From  farn\f 


To  wholcst^lc 
y^arket 


To  chotusrorc 
w<irchoH5C 


To  pricking  shedf 


To  procc^s\^^cJ  ploMt 


To  itora<^c  wflrchoiKC 


To  retail 
food  store 


384 


Marketing  [Cliap.  11] 

MARKETING  CHANNELS  FOR 
NURSERY  CROPS,  1949 

Farm  Values  i  Retail  Values 

I 

retail  I  RETAIL 


Fig.  11-13.  Marketing  channels  for  nurseri/  crops. 

[Courtesy  USDA.] 

salers  and  the  corresponding  dispersion  into  retail  outlets  are  diagrammed  in 
Fig.  11-12.  Storage  and  preservation  tend  to  ecpialize  uneven  production  with 
relatively  constant  demand.  The  exact  marketing  channels  differ  with  each 
commodity  and  change  in  pattern  over  the  years.  Figure  11-13  diagrams 
the  principal  marketing  channels  for  nursery  crops  in  1949. 

Wholesaling 

The  \\holesaling  of  horticultural  crops  \ary  with  commodity.  The  trans¬ 
actions  involved  in  wholesaling  are  performed  by  inkldlenicn  \^’ho  specialize 
in  the  sale  of  goods,  moving  commodity  from  producer  to  consumer. 

Merchant  middlemen  act  as  representatives  for  buyers  or  sellers;  they  are 
called  comndssion  men  when  they  actually  handle  the  product  and  are 
called  brokers  w  hen  their  relation  to  the  product  is  less  direct. 

Speculators  take  title  to  products  but  merely. attempt  to  profit  from  market 
fluctuations.  Their  effect  on  the  market  is  mainly  on  pricing  structure. 
Potato  “futures”  are  the  chief  horticultural  commodity  traded  by  specu¬ 
lators  in  the  United  States. 

number  of  organizations  such  as  flower  exchanges  and  fruit  auctions 
are  involv'ed  in  the  wholesaling  process.  They  establish  procedures  at  the 


Distribution 
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market  aiul  mav  contribute  serxices  such  as  storage  or  grading.  Ihey  op¬ 
erate  from  fees  and  assessments  paid  by  those  wlio  use  the  facilities. 

Some  processors  of  horticultural  products  also  perform  wholesaling  func¬ 
tions  by  acting  as  their  own  buying  and  selling  agents.  Large  processors 
advertise  their  own  products  to  build  up  brand  loyalties  among  consumers. 
On  the  other  hand,  smaller  processors  distribute  their  food  through  food 
brokers  and  commission  agents.  At  the  present  time  processors  are  large  cus¬ 
tomers  for  other  forms  of  processc'd  food  products.  Por  example,  canners 
are  becoming  large  buyers  of  frozen  foods.  Thus,  the  marketing  channels 
invoKing  processors  are  becoming  (inite  complex. 


Retailing  and  MercJiandisin^ 

Retailing,  the  final  outlet  for  horticultural  goods,  is  the  most  expensix'e 
marketing  operation.  It  accounts  for  almost  50/^  of  the  total  marketing  cost 
for  fruit  and  vegetables.  In  recent  years  great  innoxations  occurring  at  the 
retail  level  haxe  created  a  rexolution  in  marketin<i  that  has  been  felt 
throughout  the  horticultural  industry,  namely,  the  almost  complete  shift 
to  the  self-serxice  “supermarket.”  Mass  selling,  although  adaptable  to  proc¬ 
essed  products,  xvas  not  possible  xvith  the  older  methods  of  retailing  fresh 
fruits  and  vegetables.  The  self-serx  ice  idea  has  created  the  packaging  con¬ 
cept,  xvhich  has  emphasized  better  grading  and  increased  standardization. 
This  has  also  affected  ornamentals.  At  present,  nursery  stock  and  perennial 
plants  are  being  sold  in  this  manner. 

The  self-serxice  trend,  and  the  xxide  xarietx’  and  form  of  products  axail- 
able  to  the  consumer  has  resulted  in  competition  that  is  influenced  greatly 
by  promotion  and  advertising.  Different  commodities  eompete  for  (juantitx’ 
and  (juality  of  space  in  the  supermarket.  Moreoxer,  certain  commodities 
from  one  region  compete  xxith  the  same  commodities  from  other  regions. 
This  struggle  has  encouraged  producers  to  organize  on  the  basis  of  crop 
and  region  to  facilitate  the  marketing  of  their  produet.  Probably  the  best 
e.xample  of  this  kind  of  organization  is  the  California  Fruit  Groxxers  Ex¬ 
change,  xvhich  markets  citrus  under  the  Sunkist  label.  Smaller  groups  such 
as  the  Michigan  Blueberry  Association,  Idaho  Potato  Groxxers,  and  Ocean 
Spray,  Inc.  (a  cranberry  groxxer  cooperatixe ),  are  molded  after  tins  pattern. 
The  combined  resourees  of  many  producers  make  it  possible  to  promote 
their  crop  and  at  the  same  tinu*  guarantee  a  more  standardized  product. 

The  marketing  of  Howms  is  an  exception  to  this  retailing  trend.  Because 
of  the  huge  serxice  that  is  sold  xxith  floxvers  in  the  form  of  arrangements. 


M(irketin<^  [Cliap.  Jl| 

Horists  have  retained  their  identity  as  retail  units.  However,  retail  florists 
have  organized  through  the  Florist’s  Telegraph  Delivery  and  the  Telegraph 
Delivery  Service. 


Integration 

The  marketing  channels  mav  be  integrated  horizontallv  or  verticallv.  \’er- 

1  .  .  ^  C7  ,  ^ 

tical  integration  is  the  combination  of  firms  under  one  management  that 
controls  two  or  more  steps  in  the  production,  handling,  processing,  distribu¬ 
tion,  and  sales  of  a  commodity.  A  large  canning  company  such  as  Dole 
Pineapple  is  a  good  e.xample.  fforizontal  integration  is  the  combination  of 
firms  for  the  performance  of  a  similar  function;  a  co-op  that  markets  fruits 
or  vegetables  from  a  given  area  is  a  good  example.  Chain  stores  illustrate 
both  types.  They  are  vertically  integrated  in  that  they  control  their  own 
wholesaling  organization.  They  are  not  as  yet  invoh  ed  in  production.  Their 
organization  of  retail  units  constitutes  horizontal  integration.  The  degree  of 
integration  in  marketing  does  not  eliminate  the  main  thoroughfares  of  the 
marketing  channels,  although  it  mav  streamline  them.  All  the  marketing 
operations,  such  as  grading,  storage,  or  packaging,  must  still  be  performed. 
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Horticultural  Geography 


The  commercial  production  of  liorticultural  crops  is  not  e\  enly  distributed 
over  a<4ricultural  regions,  but  tends  to  be  concentrated  in  limited  areas  of 
the  world.  Horticultural  geography  deals  with  the  distribution  of  the  indus¬ 
try  and  is  concerned  with  the  en\ironmental,  economic,  and  social  factors 
that  determine  its  location  and  development. 


C  L  I  M  A  T  E 

The  phvsical  en\ironment  of  plants  involves  many  factors  whose  actions 
and  interactions  must  be  considered.  Climate,  the  summation  of  an  area’s 
weather,  inx-ob  es  temperature,  moisture,  and  light  effects.  It  largeK’  deter¬ 
mines  where,  when,  and  what  plants  will  grow.  Thus,  \'egetation  is  one  of 
the  ob\ious  differences  in  appearance  between  climatic  regions.  .\  map  of 
the  earth’s  climatic  regions  is  also  an  approximation  of  natural  \’egetation. 
Climate,  as  the  fundamental  force  in  the  environment  also  shapes  the  soil 
and  to  a  letter  extent  the  configuration  of  the  earth’s  surface. 

The  pattern  of  climate  is  a  result  of  the  circulation  of  the  atmosphere. 
Solar  radiation  falling  more  directly  on  tropical  than  on  polar  regions  warms 
the  ecjuatorial  air,  causing  it  to  flow  poleward.  The  resultant  pressure  pro¬ 
duces  a  return  ground  flow  of  cold  polar  air.  The  flow  pattern  does  not 
follow  a  simple  direct  line  from  the  pole  to  the  e(juator  but  is  deflected  as  a 
conse({uence  of  (1)  the  easterly  rotational  spin  of  the  earth,  (2)  the  sea¬ 
sonal  effect,  (3)  the  differential  cooling  of  land  and  water  masses,  (4)  the 
altitude  and  the  configuration  of  the  land,  and  (5)  the  storms  and  vv’inds 
resulting  from  the  interactions  of  cold  and  warm  air  masses.  Other  extra¬ 
terrestial  factors,  such  as  sun  spot  activity,  may  affect  the  weather  but  are 
little  understood. 


389 


390 


Horticultural  Ccof^rapluj  [Cliap.  12] 


M  I  C  R  ()  C  L  I  M  A  T  E 


Microclimate  refers 


to  the  eliinate  of  a  “small  area.”  'I'lie  elimate  at  the 


ground  may  differ  eonsideral)ly  from  that  at  thirty  feet  above  the  ground. 
Tliese  elimatic  differenees  are  of  \  ital  importance  to  man  and  his  agrieulture. 
We  l)ecome  cognizant  of  the  microclimate  as  we  dri\T  in  and  out  of  pockets 
of  fog  on  a  chilly  morning.  The  orchardist  who  loses  the  crop  on  the  lower 
half  of  his  trees  as  a  result  of  frost  becomes  painfully  aware  of  microclimate. 

Whereas  location  refers  to  a  geographic  and  climatic  area,  the  term  site 
implies  microclimatic  influences  within  a  specific  location.  The  ultimate  suc¬ 
cess  of  horticultural  enterprises  depends  to  a  great  extent  on  proper  location 
and  site.  Microclimatic  \'ariations  are  due  to  exposure,  slope,  vegetation, 
and  thermal  capacity  and  conductive  characteristics  of  the  soil.  These  will 
be  discussed  along  with  the  climatic  elements:  temperature,  moisture,  and 
light. 


CLIMATIC  ELEMENTS 
Temperature 

The  temperature  at  any  point  on  the  earth’s  surface  depends  on  the  geo¬ 
graphic  ordinates  of  latitude  and  altitude,  season  and  time  of  dav,  and  the 
mediating  influence  of  microclimate.  The  major  factor  that  determines  tem¬ 
perature  is  the  amount  of  solar  radiation  received,  which  depends  upon 
both  the  intensity  and  the  duration  of  radiation.  The  more  vertical  the  sun’s 
rays,  the  less  atmosphere  they  must  penetrate.  In  addition,  vertical  ravs 
provide  a  greater  concentration  of  energy  per  unit  area  than  do  the  obli{jue 
rays  that  reach  the  poles.  The  duration  of  the  solar  radiation  is  affected 
both  bv  the  day  length,  which  imposes  an  absolute  limit  on  the  amount  of 
solar  energy  receiv'ed,  and  on  the  variable  effects  of  cloud  cover.  Further¬ 
more,  there  is  a  decrease  in  temperature  with  an  increase  in  elevation.  This 
averages  3.6° F  for  every  1000  ft  of  elevation,  approximately  1000  times  the 
rate  of  temperature  change  in  latitude.  The  reason  for  this  is  that  much  of 
the  atmospheric  thermal  energy  is  received  directly  from  the  earth’s  surface 
and  only  indirectly  from  the  sun.  In  addition,  the  lower  tropospheric  air 
contains  more  water  vapor  and  dust  and  is  a  more  efficient  absorber  of 
terrestrial  radiation,  which  explains  the  snow  -capped  mountains  on  the  e(jua- 
tor,  such  as  the  famous  Mt.  Kilimanjaro. 

3'he  variation  in  temperature  reported  at  the  earths  surface  is  enormous 
and  ranges  over  2(K)°F,  from  a  record  — 96°F  at  \’erkhoyansk,  Siberia  to 


12-1.  riic  zoiK’.s  of  plant  hardiness  in  ilia  Ihntcd  Stales  and  ('anada. 
[I  n.iM  rSDA  Misc.  I’lihl.  811.] 
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136  h  at  Azizia,  labya.  I  lie  mean  annual  teinperatnres  range  from  an  esti¬ 
mated  —  22°F  at  the  Soutli  Pole  (elevation  (SOOO  ft)  to  a  record  at 

Massawa,  Eiitrea,  Africa.  In  annual  crops  the  important  temperature  values 
are  the  mean  and  e.xtreme  temperatures  as  well  as  the  length  of  the  “grow¬ 
ing  season.  Perennial  plants  are  affected  by  the  temperature  values  during 
the  whole  year.  Both  seasonal  variation  and  average  temperature  must  be 
consideied  in  relation  to  plant  growth.  Peaches,  for  example,  recjuire  a  long 
glowing  season  and  warm  summer  temperatures.  Their  northern  distribu¬ 


tion  is  limited  by  their  degree  of  hardiness;  temperatures  below'  -12°F 
cause  flow'er  bud  injury.  Their  southern  distribution  is  limited  by  their 
chilling  recpiirements.  A  map  of  the  expected  minimum  temperatures  of  the 
horticulturally  important  areas  of  the  continental  United  States  and  Canada 
is  presented  in  Fig.  12-1. 


Frost 

Frost  is  a  thin  layer  of  ice  crystals  deposited  on  soil  and  plant  surfaces  as 
a  result  of  freezing  temperatures.  Two  types  of  weather  conditions  produce 
freezing  temperatures:  (1)  rapid  radiational  cooling,  which  results  in  a 
radkiiional  frost,  and  (2)  the  introduction  of  a  cold  air  mass  with  a  tem¬ 
perature  below'  32°F,  which  produces  an  air  mass  freeze.  Frost  is  common 
under  conditions  of  clear  calm  skies;  freeze,  on  the  other  hand,  may  occur 


Fig.  12-2.  I'ro.st  is  a  serious  hazard  in  ihe  orchard  durin<i,  the  bloom  period. 


1 1’liotogr.ipli  by  J.  C.  Allfii  &  Soii.l 
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with  an  owreast  sky,  and  nsnally  involves  c()nsideral)le  wind.  Botii  Irost 
and  invoKc  teinperatnres  at  or  below  the  freezing  point.  Because  of 

its  local  nature,  frost  may  occur  when  the  so-called  official  tcmpcratnic 
(taken  relativclv  nearby,  and  nsnally  at  a  height  of  .six  feet)  is  above 
freezing. 

The  earth  radiates  energv,  as  do  all  bodies.  At  night  the  eaith  iecei\es 
no  solar  radiation,  thus  there  is  a  net  loss  of  radiation,  hrost  occins  wlien 
the  loss  of  heat  from  the  ground  permits  the  temperature  to  drop  to  or  below 
the  freezing  point. 

Frost  is  of  \ital  horticnltnral  concern.  It  defines  the  season  for  annual 
crops  in  the  middle  latitudes  and  is  potentially  extremely  destructive  to 
perennial  fruit  crops,  which  flower  in  the  early  spring.  The  danger  of  fiost 
is  nsnally  not  due  to  actual  tree  damage  but  to  injury  of  temperature- 
sensitive  flower  parts  (Fig.  12-2).  The  year’s  crop  is  thus  at  the  mercy  of 
spring  frost. 


Frost  Conditions 

Conditions  favorable  for  radiational  frost  are  those  that  are  conducive  to 
rapid  and  prolonged  surface  cooling.  For  example,  the  introduction  of  low'- 
temperatnre  polar  air  follow'ed  by  clear,  dry,  calm  nights  will  facilitate  up¬ 
ward  radiation.  The  presence  of  cloudy,  humid  air  causes  reradiation  back 
to  the  earth  and  thus  prevents  frost  conditions.  The  main  effect  of  fogging 
in  the  control  of  frost  is  the  creation  of  an  artificial  reradiating  surface,  al¬ 
though  there  is  some  release  of  heat  as  the  fog  droplets  cool.  Strong  evapo¬ 
ration  after  rainfall,  especially  on  plant  cover  w  ith  a  large  surface  area,  will 


NocrurunI  minimti  riou  purreru  of  a\r. 


Excepr  in  on  iMvcrjiou.  a\r  rempero-  A  remperorure  inversion  scrs  in 

furc  dccrcctscs  with  hcifjhr,  iDorKer  when  cool  oir  is  rrjppcd  under 

tones  indicote  cooler  oir.)  worm  lovfcr.  The  normol  tempero- 

turc  qradicnr  is  reversed  in  the 
Inversion  lov/er. 

Fig.  12-3.  Schematic  representation  of  the  origin  of  a  thermal  belt  as  a  result  of 
a  temperature  inversion  on  a  hilisUle. 

[.Adapted  from  Goigor,  Climate  Scar  the  Ground,  Harvard  Univ.  Press,  Cambridge,  Mass.,  VJ57.] 
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increase  cooling.  Tlie  absence  of  wind 
next  to  the  gronnd. 


leaves  the  coldest  air  nndistnrbed  and 


Frost  conditions  are  nsn 


ally  ([nite  Nariable,  since  local  conditions  modify 
radiation.  Site  is  an  important  fac- 
tor  in  frost.  For  example,  slopes  are 
protected  by  “air  drainage.”  Since 
cold  air  is  denser  than  warm  air, 
it  moves  downhill.  The  circulation 
pattern  of  the  displaced  warm  air 
produces  a  relatively  warm  area,  or 
tJtennal  belt,  on  the  slope  itself.  It 
is  this  microclimatic  factor  that 
makes  slopes  good  sites  for  fruit 
plantings.  Low  areas,  on  the  other 


Fig.  12-4.  Wind  uiacJiiues  protect  citrus 
from  frost  hij  mixing  the  warmer  upper 
air  that  exists  under  conditions  of  tem¬ 
perature  inversion.  ] 

[Courtesy  Food  Machinery  and  Chemical  Corp.] 


hand,  collect  cold  air  and  become 
“frost  pockets.”  This  results  in  a 
phenomenon  referred  to  as  temper¬ 
ature  inversion,  in  which  air  tem¬ 
peratures  increase  with  altitude 
(Fig.  12-3).  Artificial  wind  machines 
prevent  frost  damage  by  mixing  in 
the  upper  warmer  air  (Fig.  12-4). 

The  frost  protection  afforded  bv 
large  bodies  of  water  is  due  to  the 
high  specific  heat  of  water  as  com¬ 
pared  to  that  of  the  land;  water 
absorbs  and  gives  up  heat  slowlv. 
Solar  radiation  penetrates  water 
more  deeply  than  land,  and  the 
continuous  internal  movement  of 
water  results  in  heat  distribution 
throughout  the  water  mass.  Thus, 
large  bodies  of  water  become  heat 
reservoirs  in  the  fall,  and  cold  reservoirs  in  the  spring.  Because  of  their 
great  heat  capacitv,  large  bodies  of  water  moderate  temperatures.  In  the 
winter  and  early  spring  the  influence  of  M  ater  keeps  temperatures  moder¬ 
ately  low  and  prevents  premature  plant  growth.  In  the  late  spring  it  may 
provide  enough  heat  to  prevent  frost.  Similarly,  in  the  fall  there  is  a  warm¬ 
ing  influence  that  tends  to  delay  the  advent  of  frost  conditions.  This  tempera¬ 
ture  lag  is  felt  mainly  along  the  windward  side  of  large  bodies  of  water. 
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Many  factors  affect  frost.  Anything  that  prevents  tlie  accnmnlation  of 
radiation  during  tlie  day  will  increase  frost,  hor  example,  vegetation  that 
shades  the  soil  will  reduce  the  amount  of  heat  stored  in  the  day.  Thus,  a 
sodded  or  mulched  area  is  more  liable  to  become  frosted  than  one  undei 
“clean  cnltixation.”  fhe  necessity  for  controlling  frost  is  one  of  the  main 
reasons  why  peaches  are  not  grown  under  permanent  sod.  The  exposure  of 
the  slope  also  affects  the  amount  of  radiation  received.  In  the  Nortliern 
hemisphere,  southerly  slopes  recei\  e  considerably  more  radiation  than  noith- 
erly  slopes. 

Heat  from  the  lower  layers  of  the  earth  moves  up  by  conduction.  Conse- 
([iientlv,  the  condncti\’ity  of  the  soil  will  affect  frost  at  the  surface.  Frost  on 
muck  is  a  serious  hazard  because  organic  soils  tend  to  be  poor  conductors 
of  heat  as  compared  to  mineral  soils.  More  important  than  soil  t\’pe  in  the 
occurrence  of  frost  is  the  amount  of  soil  moisture.  By  replacing  air  ( a  poor 
conductor)  with  water  (a  better  conductor)  the  danger  of  frost  can  be  re¬ 
duced.  Thus,  frost  damage  may  be  prevented  in  muck  areas  by  ffooding. 

The  white  frost  commonly  seen  in  the  morning  results  from  frozen  dew 
(Fig.  12-5).  Its  occurrence  depends  on  the  dewpoint — the  temperature  at 
which  relative  humidity  reaches  100^/.  When  the  air  temperature  is  below 
the  dewpoint  but  above  32°F,  water  vapor  condenses  in  the  form  of  dew. 
W'hite  frost  occurs  when  the  air  temperature  is  below  the  dewpoint  and 
below  32°F.  If  the  humidity  is  low, 
frost  damage  may  occur  when  the 
air  temperature  is  below  32°  F  but 
above  the  dewpoint.  This  is  known 
as  a  ])lack  frost  because  the  onlv 
visible  indication  of  it  comes  when 
the  v'egetation  turns  dark  due  to 
cold  injury. 

The  change  in  state  from  water 
to  ice  results  in  the  release  of  en¬ 
ergy,  the  heat  of  fusion.  Conse- 
(luently,  if  temperatures  do  not  get 
too  low,  the  freezing  of  water  or 
the  occurrence  of  a  w  hite  frost  actu¬ 
ally  protects  vegetation  from  lower 


Fig.  12-5.  Fro.si  is  frozen  dew 
frost  results  ichen  sublimation 
over  several  hours,  leaving  heavi/  ice  crijs- 
tal  dej)osits  in  the  form  of  scales,  needles, 
feathers,  and  fans. 

[riiotojlraph  !>>  J.  C.  Allen  &  Son.] 


lloar- 

occurs 


t('niperatures.  I  his  phenomenon  is 

exploited  in  the  use  of  sprinkler  irrigation  as  a  method  of  frost  protection. 

Ihe  ice  forming  on  the  plant  releases  heat  and  acts  as  a  protecti\  e  buffer 
against  cold  injurv! 
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llie  teclinicjiies  that  liave  becMi  discussed  to  prevent  frost  involve  either 
the  cutting  down  of  heat  loss  through  radiation  or  the  addition  of  heat. 
Kadiation  loss  is  prevented  by  such  practices  as  fogging,  hot  caps,  or  the 
use  of  cold  frames.  Heat  may  be  obtained  from  the  earth  by  improving  the 
conduction  characteristics  of  the  soil,  or  it  mav  be  obtained  from  the  air  hv 
disturbing  the  temperature  inversion.  Heat  may  be  added  directlv  from 
smudge  pots  or  indirectly  by  sprinkler  irrigation  or  through  techni([ues  that 
increase  the  daytime  absorption  of  insolation. 


Moisture 

Moisture,  with  respect  to  climate,  refers  to  both  precipitation  (rain  and 
snow)  and  atmospheric  humiditv.  Rainfall  is  directlv  related  to  the  circula¬ 
tion  pattern  of  the  atmosphere.  It  results  from  the  cooling  of  warm  humid 
air  forced  upward  by  the  convergence  of  air  currents.  The  record  total  pre¬ 
cipitation  varies  on  the  earth’s  surface  from  1  to  900  in./year.  Owing  to 
topographical  variation,  a  marked  difference  in  rainfall  may  occur  between 
points  relatively  close  together.  This  may  result  in  the  close  proximity  of 
desert  and  rain  forest.  A  map  of  average  annual  precipitation  is  presented 
in  Fig.  12-6. 

Of  greater  agricultural  significance  than  average  precipitation  is  the  ef¬ 
fective  precipitation,  the  water  that  is  not  lost  by  runoff  or  e\'aporation  and 
w'hich  is  conse([uently  available  to  plants.  The  percentage  of  precipitation 
that  is  “effective”  is  higher  where  temperatures  are  low.  Thus,  cool  areas 
re([uire  less  rain  for  plants  than  do  warm  areas.  The  natural  vegetation  of 
an  area  is  the  most  satisfactory  measure  of  effective  precipitation. 

The  extremes  of  precipitation  result  in  drought  and  flood.  Drought  may 
be  predictable  in  some  areas  on  a  seasonal  basis;  in  others,  it  appears  to 
reoccur  over  a  longer  cvcle.  Unless  irrigation  is  practical,  drought  areas 
effectivelv  restrict  horticultural  crop  production.  Although  methods  exist 
for  the  efficient  utilization  of  existing  water,  there  is  no  substitute  for  suf¬ 
ficient  water  in  intensive  crop  production.  Horticvdtural  crops  re({uire  a 
plentiful  supply  of  water  as  compared  to  grain  or  grassland  farming,  f  lood, 
on  the  other  hand,  is  e([ually  injurious  (Fig.  12-7).  Except  for  such  water- 
loving  plants  as  cranberries,  which  are  grown  in  boggy  areas,  an  excess  of 
water  results  in  extensive  damage.  Much  of  this  is  due  to  lOOt  damagt 
from  lack  of  soil  oxvgen.  Excessive  moisture  also  results  in  disease  problems, 
since  high  humidity  favors  the  growth  of  many  fungi.  Many  crops  (tomato, 
peach,  apple,  cherrv)  show  abnormal  splitting  and  cracking  of  the  fruit  as 
a  conse(iuence  of  excess  moisture  at  periods  of  fruit  ripening.  Flooding 


12-f).  World's  (iv<‘r<iii<’  (inntml  prccipildlioii.  iComicsy  usda  ] 


Fig.  12-7.  Spring  flooding  and  erosion.  In  a  dry  year  farmers  eomplain  of  star\’a- 
tion;  in  wet  years  farmers  starve — folk  proverb. 

[Courtesy  J.  C.  Allen  &  Son.] 


can  he  overcome  by  proper  drainage  in  some  locations.  Tiling  and  proper 
soil  management  do  much  to  alle\'iate  the  problem. 


Light 

Quantity  of  light  is  an  important  climate  feature  and  is  a  significant  part 
of  the  plant  environment.  Day  length  is  the  most  obvious  difference  be¬ 
tween  climates.  In  the  tropics  the  day  is  close  to  twelve  hours  long  through¬ 
out  the  year.  At  the  polar  regions  the  summer  day  length  goes  up  to  24 
hours.  Consequently,  long-day  plants  cannot  reproduce  se.xually  in  the 
tropics.  Thus,  the  world  distribution  of  plant  species  is  greatly  determined 
by  their  photoperiodic  response.  It  is  useless  to  attempt  to  grow  long-dav 
plants  for  flowers  or  fruit  in  the  tropics,  for  they  will  remain  vegetative 
indefinitely.  In  addition  to  daylength  the  quantity  of  light  is  affected  by 
atmospheric  conditions  such  as  the  number  of  sunny  versus  cloudy  days 
during  the  growth  season.  The  amount  of  sunlight  greatlv  affects  qualitv 
in  manv  crops  (for  e.xample,  grapes,  apples). 


SOIL  AND  CLIMATE 

The  chemical,  physical,  and  biological  changes  that  determine  the  soil 
profile  arc  all  affected  by  long-term  climatic  conditions.  The  major  dif¬ 
ference  between  soils  is  a  result  of  climate  operating  through  soil-forming 
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lirocesses  anil  legetation.  Tims,  climate  iliiectly  alFects  soil  formation 
tlirongli  weathering  proeesses  anil  indirectly  through  vegetation. 

Tlie  distribution  of  tlie  major  soil  groups  can  be  interpieted  t  noug  i 
l)road  climatic  types,  based  on  weathering  and  vegetation.  The  major 
zonal  soil  types,  grouped  on  a  climatic  basis,  are  (1)  the  stiongly  Icaciec, 
red  soils  supporting  tropical  rain  forests  in  areas  of  hot,  humid  climate, 
(2)  the  unleacbed  light-colored  soils  in  areas  of  hot  desert  climate,  (3)  the 
dark-colored  soils  supporting  native  tall  grasses  in  areas  of  subbumid. 
temperate  climate,  and  (4)  the  acid,  light-colored  soils  supporting  conif¬ 
erous  forests  in  areas  of  cool,  moist  climate.  Unfortunately,  the  climates 
best  suited  for  plant  growth  do  not  always  coincide  with  the  areas  of 
naturallv  fertile  soils. 


CROP  ECOLOGY 

Ecology  is  the  study  of  life  forms  in  relation  to  their  environment.  Plant 
ecology  deals  largelv  with  natural  plant  communities,  and  is  concerned 
with  the  causes  responsible  for  the  course  and  pattern  of  plant  develop¬ 
ment,  succession,  and  distribution.  It  is  concerned  wdth  the  relationship 
between  climate,  soil,  and  biological  interaction. 

Bv  definition,  horticulture  deals  with  cultivated  plants.  However,  the 
crop  plant  communitv'  is  subject  to  many  of  the  same  ecological  responses 
as  is  the  natural  plant  community.  These  plant  responses  determine  to  a 
great  e.xtent  the  abilitv  of  a  region  to  successfully  support  a  particular 
crop  and  define  the  specific  problems  of  land  use  and  crop  management. 

Climatic  enxironment,  rather  than  geography  in  its  topographical  sense, 
determines  the  course  of  plant  development.  It  is  the  extremes  of  tempera¬ 
ture  (Table  12-1),  rainfall,  and  light  rather  than  their  vearlv  means  that 
determine  the  status  and  define  the  limitations  of  agriculture.  The  inap¬ 
propriate  utilization  of  agriculture  in  areas  of  marginal  climate  results  in 
more  “poor  vears”  than  “good  years.”  Unfortunatelv,  the  occurrence  of  un¬ 
usual  periods  of  “good”  weather  often  results  in  overextension  of  an  un¬ 
suited  agriculture,  with  disastrous  consecjuences  when  the  more  normal 
pattern  resumes. 

The  effect  of  climate  upon  (juality  and  appearance  plavs  an  important 
role  in  the  location  of  the  horticultural  industrv.  For  example,  high  light 
intensity  favors  maximum  development  of  red  color  in  apple  fruits.  4'he 
prominence  of  the  central  valleys  of  Washington  State  as  an  apple-produc¬ 
ing  area  is  due  to  their  dry  climate,  which  is  brought  about  Iw  a  fa\orablc 
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Fable  12-1.  Chmificution  of  common  fruit  crops  by  temperature  rcrpiircmeuts." 
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combination  of  altitude  and 
less  sninmers. 


mountain  ranges  that  results  in  bright,  elond- 


CLIMATIC  REGIONS 


l'lu'r(>  are  a  variety  of  ways  of  classifying  climatic  regions.  We  are  all 
familiar  with  the  climatic  classification  by  temperature  into  tropical,  tem¬ 
perate,  and  polar  zones.  A  more  useful  classification  takes  into  account 
both  temperature  and  moisture  to  include  seasonal  patterns.  In  this  regard 
the  natural  vegetation  mav  be  used  as  a  meteorological  instrument  to 
integrate  the  climatic  elements.  Using  precipitation  effectiveness*’  and 


temperature  efficiency,!  Thornthwaite  has  divided  climate  into  regions  as¬ 
sociated  with  a  characteristic  vegetation  ( for  example,  desert,  steppe,  grass¬ 
land,  forest,  rainforest)  (Fig.  12-8). 

A  widely  used  method  of  classifying  climates  is  the  Kbppen  system, 
which  is  based  on  annual  and  monthly  means  of  temperature  and  pre¬ 


cipitation.  The  temperature  and  precipitation  boundary  lines  are  selected 
bv  natural  vegetation  and  crop  responses  rather  than  by  atmospheric  cir¬ 
culation  patterns  (Fig.  12-9).  The  classification  discussed  here  is  derived 
from  Trewartha’s  modification  of  the  Koppen  classification. 


Tropical  Raintj 

The  tropical  rainy  region  lies  in  an  irregular  belt  20—40°  wide  that 
straddles  the  e(juator.  Its  most  tvpical  feature  is  the  absence  of  ^^•inter. 
The  difference  between  average  day  and  night  temperature  exceeds  the 
annual  temperature  range.  The  temperature  boundaries  of  this  region  have 
been  arbitrarily  placed  at  the  average  minimum  monthlv  temperature  of 
64° F.  This  coincides  with  the  poleward  limit  of  plants  recjuiring  continuing 
high  temperature,  as  various  tropical  palms.  Although  rainfall  is  abundant 
(rarely  less  than  30  in.  per  year),  its  distribution  serves  to  produce  two 
subclimatic  types.  One  type  has  ample  rainfall  throughout  the  year,  and 
although  there  is  a  seasonal  difference,  no  less  than  2^  in.  of  rain  falls  in 
any  month.  The  other  subclimate  is  distinguished  by  distinct  wet  and  drv 
seasons. 

*  Precipitation  effectiveness  is  tlie  summation  of  monthlv  precipitation  (li\  icled  hv 
evaporation. 

f  Temperature  efficiency  is  the  summation  of  monthly  mean  temperature  minus  32°!’ 
divided  hv  4. 


Fifi.  12-S.  World's  natural  vegetation.  [Comtcsy  usda.] 
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rij'.  12-9.  The  liorld's  clinuilcs.  [Cointcsy  i  soa.] 
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Tropical  soils  are  notoriously  unproductive  under  continual  cultivation. 
4  he  rapid  destruction  of  organic  matter  results  in  a  soil  structure  that 
deteriorates  under  intensixe  crop  use.  The  low  native  fertility',  a  result  of 
constant  leaching,  makes  them  responsive  to  fertilizer  application. 

In  the  continually  rainy  areas  of  the  tropics  the  natural  vegetation  is 
lush  and  varied.  No  other  area  can  compare  with  its  diversity  of  plant 
species.  The  natural  vegetation  is  broadleaf  and  evergreen  and  has  no 
dormancy  re([uirement.  In  the  seasonally  wet  and  dry  areas  of  the  tropics 
the  dominant  vegetation  is  coarse  grass,  yvhich  goes  dormant  under  dry 
periods;  hence  the  name  savanna  climate.  The  number  of  trees  is  related  to 
the  duration  of  the  wet  season. 

The  chief  horticultural  plants  of  the  tropics  grow  continuously  and  have 
no  dormancy  requirement.  As  a  group  they^  are  (juite  sensitiye  to  anv  ex¬ 
tended  periods  yvithout  moisture.  Thus,  tropical  horticulture  is  generally’ 
confined  to  the  continually  yvet  areas.  The  yvet-drv  tropical  climate  is 
utilized  agriculturally  principally  as  grazing  land  unless  irrigation  is  availa¬ 
ble  during  the  drv  season.  Although  many'  tropical  horticultural  crops  are 
knoyvn  principally  in  their  native  areas  (mango,  yam  (Dioscorca),  papaya), 
many  important  crops  of  yvorld-yvide  significance  must  be  groyvn  in  tropical 
or  subtropical  climates  exclusively.  The  separation  of  plant  agriculture 
into  horticulture  and  agronomy  is  less  meaningful  in  the  tropics.  Although 
sugar  and  rice  are  considered  as  agronomic  crops,  the  distinction  of  such 
crops  as  palms  (for  oils),  jute  and  rubber  as  horticultural  is  justifiable  be¬ 
cause  of  their  intensive  culture. 


Drij 

Drv  climates  are  those  in  yvhich  the  potential  evaporation  through  soil- 
surface  and  vegetative  transpiration  exceeds  annual  rainfall;  rainfall  is 
scarce  and  unpredictable;  there  is  often  a  yyater  deficiency.  As  evaporation 
and  transpiration  increases  yvith  temperature,  the  boundaries  of  dry  climates 
are  affected  by  both  rainfall  and  temperature.  The  dry  climates  are  roughly 
distributed  on  either  side  of  the  tropical  rainy  climates. 

The  drv  climates  are  subdivided  on  the  basis  of  moisture  and  tempera¬ 
ture  into  arid  (desert)  and  semiarid  (steppe).  Steppe  is  a  transitional  'zone 
betyveen  humid  and  desert  climates.  These  dry  climates  may  also  be  sub¬ 
divided  into  tropical  and  subtropical  regions  on  the  basis  of  a  coldest 
temperature  of  32  F.  Thus,  there  are  four  general  region.s— hot  and  cold 
desert,  hot  and  cold  steppe. 

.Mthough  natural  vegetation  is  meager,  the  abundance  of  areas  y\ith  dry 
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clirnalcs  (■’’Kt  of  tile  eaitll's  surface)  makes  it  a  wiilespiead  agiiciiltuial 
...souree,  Tlie  steppe  areas  support  low-groui.ig,  sl.allow-rooterl  grasses, 

tlius  their  cliief  agricultural  use  is  grazing. 

Since  the  soils  of  dry  climate  are  subject  to  miniiniun  leaching,  they  are 

liigh  in  nutrients.  .Although  the  desert  soils  tend  to  be  sandy  and  unsintcable 
for  agriculture,  the  steppe  soils  are  superior.  The  grass  roots  proxide  con¬ 
siderable  organic  matter.  Here,  irrigation  provides  an  abundant  agriculture, 
transforming  the  land  into  an  ideal  horticultural  area.  The  irrigated  lands 
of  our  Southwest  provide  a  splendid  example  of  this.  There,  subtropical 
horticnltural  crops  such  as  melons  and  citrus  are  grown  in  the  summer,  and 
temperate-climate  vegetables  such  as  carrots  and  lettuce  are  grown  in  the 
cooler  season.  The  agriculture  of  this  area,  prov  ided  with  vvatei,  lesembles 
the  oasis  agriculture  of  naturally  moist  areas  (deltas,  flood  plains,  and 
alluvial  fans)  within  dry  climates. 


Humid  Temperate 

Tlie  climate  of  the  middle  latitudes  is  characterized  by  a  distinct  seasonal 
rhythm;  winter,  spring,  summer,  and  autumn  have  real  meaning.  The  chief 
factor  influencing  plant  dormancy  is  low  temperature,  rather  than  drought. 
The  humid,  temperate  climates  are  subdivided  into  mild-vvintered  (meso- 
thermal )  and  severe-vvintered  ( microthermal ) .  This  distinction  is  based  on 
an  average  coldest  month  temperature  of  32° F.  This  can  be  empirically 
found  on  the  basis  of  a  durable  winter  snow'  cover. 

Mild  Winter 

The  mild-vvintered  temperate  zones  are  found  in  the  lower  latitudes  and 
in  marine  locations  on  the  westerly  side  of  continents.  Within  the  mild- 
wintered  temperate  zone  there  are  three  important  climatic  types:  (1) 
Mediterranean,  (2)  luunid  snhtr()j)ica1,  und  (3)  marine. 

M KDi  i  KKH.x.N E.x x  CLIMATE.  The  Mediterranean  climate  has  a  subtropi¬ 
cal,  drv-summer  climate.  It  represents  a  most  important  “horticultural  re¬ 
gion.'’  It  is  characterized  bv  dry,  warm  to  hot  summers  and  mild  winters 
with  adefjuate  rainfall.  The  high  proportion  of  fog  provides  .some  summer 
moisture.  The  inland  areas  have  hotter  summers  than  the  coastal  areas. 
Because  of  its  delightfully  mild  winters,  bright  sunnv  weather,  and  strong 
horticultural  associations,  it  is  one  of  the  best  known  climates.  Tbe  Mediter¬ 
ranean  region,  central  and  coastal  California,  central  Chile,  the  southern 
tip  of  South  .Africa,  and  parts  of  southern  Australia  make  up  less  than  2^ 
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of  the  land.  However,  these  climates  pro\icle  a  large  portion  of  the  world’s 
horticultural  products,  especially  subtropical  fruits  (citrus,  figs,  dates, 
grapes,  olives). 

The  Mediterranean  soils  are  variable.  The  natural  xegetation  consists 
of  mixed  trees  and  stunted  woody  shrubs.  Typical  leaves  are  thick  and 
glossy,  designed  to  prevent  excessive  transpiration.  The  growing  season 
lasts  practically  the  whole  year.  However,  during  the  winter  months  frosts 
do  occur.  These  may  be  extremely  dangerous  to  horticultural  crops  that  are 
marginal  for  that  area,  such  as  out-of-season  vegetables  and  citrus.  Although 
rainfall  is  fairly  moderate  ( L5-20  in.),  the  effective  precipitation  is  high, 
since  the  bulk  of  the  rain  comes  in  the  cool  w'inter,  making  much  of  it 
available  for  plant  growth.  Summers  are  distinctly  drv.  This  has  resulted 
in  a  double  dormancy  in  native  vegetation:  one  due  to  low^  winter  tempera¬ 
tures;  the  other,  to  summer  droughts.  The  dry  heat  of  the  summer  is  ideal 
for  fruit  drying.  It  is  here  that  this  method  of  fruit  preservation  originated, 
and  this  area  still  provides  dried  figs,  dates,  plums  (prunes),  and  grapes 
( raisins ) . 

Flow^er  seed  production  is  an  important  part  of  the  horticultural  industrv 
of  this  part  of  California.  Under  irrigation  an  extensive  fruit  and  vegetable 
canning  industry  has  developed.  Cool  season  crops  are  shipped  almost  ex¬ 
clusively  from  California  during  the  winter  months.  For  example,  the  Salinas 
Ualley  provides  most  of  the  United  States’  winter  suppK'  of  lettuce. 

HUMID  SUBTROPICAL.  The  humid  subtropical  climates  are  tvpically  on 
the  eastern  side  of  continents  (for  example,  the  cotton  belt  of  the  United 
States).  The  precipitation  is  usually  abundant  (30-65  in.)  and  well  dis¬ 
tributed  over  the  entire  year.  The  summers  are  hot  and  muggy.  Although 
winters  are  generally  mild,  freezing  temperatures  occasionally  occur.  There 
is,  how'ever,  considerable  variation;  in  the  United  States  the  South  ex¬ 
periences  more  severe  winters  than  do  the  humid,  subtropical  areas  of 
South  America,  Australia,  or  China. 

The  natural  vegetation  includes  forest  (mixed  conifers  and  broad  leaf, 
both  deciduous  and  evergreen)  and  grassland,  depending  on  precipitation. 
The  soils  are  deep,  owing  to  continuing  weathering,  but  are  typically  low 
in  fertilitN’  as  a  result  of  constant  leaching.  The  grassland  soils  arc*  more 
productive. 

The  humid  subtropics  are  rich  vegetable-producing  lands.  For  example, 
the  long  growing  season  and  high  summer  temperatures  of  the  south- 
('astern  United  States  allow'  such  crops  as  sw'cet  potatoes,  dried  Ikmus,  and 
melons  to  be  grown.  The  relatively  mild  spring  and  tall  allow’  two  crops 


Climatic  Rc<^ions 


407 


of  siicli  garden  \’egeta))les  as  spinacli,  mustard  greens,  radislies  and  snap 
])eans.  Tomatoes,  peppers,  and  celery  are  grown  as  spring  crops.  A  large 
industry  based  on  the  growing  of  vegetables  and  flower  transplants  for 
shipment  to  Northern  states  is  located  in  this  area.  Only  those  fruit  crops 
ha\ing  a  low  winter  chilling  re(juirement  can  be  grown.  Thus  this  area  is 
more  important  for  growing  peaches  than  it  is  for  apples.  In  sites  where 
spring  frost  hazards  are  minimal,  peaches  are  a  particularly  important 
crop.  This  is  particularly  true  of  the  gulf  states.  Straw'berries  and  blue¬ 
berries,  w'hich  have  a  wide  range  of  adaptation,  are  common  horticultural 
crops.  The  nurscrv  industry  is  expanding  along  the  northern  edge  of  this 
area. 


MARINE.  Marine  climates  are  found  on  the  w'estern  side  of  middle  latitude 
continents  and  extend  into  the  high  latitudes  owing  to  the  ocean’s  in¬ 
fluence.  The  extent  to  w'hich  it  penetrates  depends  on  topographical  fea¬ 
tures.  In  North  and  South  America  and  in  Scandinavia  the  marine  climates 
are  narrow'  owing  to  the  parallel  range  of  mountains  along  the  coast.  In 
W’estern  Europe  extensive  low'lands  serve  to  carry  the  ocean’s  influence  in¬ 
land. 


In  contrast  to  Mediterranean  and  humid  sid:)tropical  climates,  the  marine 
summers  are  cool.  The  w'armest  months  typically  average  6.’>-70°F.  Winters 
are  exceptionally  mild  considering  the  latitude,  the  average  cold  month 
temperature  being  above  freezing.  Tbe  growing  season  is  long.  Frosts  are 
frecpient,  how'ever,  and  w'inter  is  generally  long  enough  to  produce  a 
dormant  season. 

There  is  adecpiate  rainfall  in  all  seasons,  although  precipitation  \aries 
greatly,  from  over  100  in.  in  the  Pacific  Nortlnvest  to  20-30  in.  in  parts  of 
W’estern  Europe,  which  is  surprising  considering  the  amount  of  rainv 
weather.  Sunshine  is  limited;  fog  and  mist  are  abundant.  About  half  the 
days  per  year  are  cloudy. 

The  natural  vegetation  is  forest,  deciduous  in  Europe  and  coniferous  in 
the  Pacific  Northwest.  The  soils  are  variable  thougb  generally  deep.  The 
giay  foiest  soils  of  this  area  have  excellent  structure,  and  although  the 
natural  fertility  is  moderate,  it  is  higher  than  in  other  forest  soils.  In 
addition,  there  are  areas  of  organic  soils  (peat-bogs),  areas  of  thin,  stony 

glacially  deposited  soils  (Scandinavia),  and  sandy  coastal  plains  (Germany 
and  Denmark). 

Horticulture  in  marine  climates  is  not  the  predominant  agriculture  but 
it  is  extensive.  Apples  and  pears  are  well  suited  to  this  area,  as  is  the 
ubuiuitous  strawberrv-.  Cool  season  vegetables,  peas,  lettuce,  and  crucifers 
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do  especially  well.  There  is  not  enough  heat,  however,  lor  outdoor  plant¬ 
ings  of  some  crops,  such  as  melons.  For  example,  cucumbers  and  grapes 
are  commonly  grown  under  glass  in  Holland,  Belgium,  and  England.  The 
long  spring  extends  the  flowering  season.  Bulbous  flowers  (tulips,  daffodils, 
hyacinth)  grow  well.  As  a  result  this  area  is  a  large  bulb-producing  area 
and  an  important  “garden  country.” 

Severe  Winter 

The  sev'ere-wintered  climates  of  the  humid  temperate  regions  are  charac¬ 
terized  by  a  distinct  though  shorter  summer  than  the  mild-wintered  climates. 
This  climate,  which  is  located  in  the  interior  and  poleward  in  North  America 
and  Eurasia,  is  dominated  by  large  land  masses.  It  is  bounded  in  the 
north  bv  polar  climates.  The  main  climatic  distinction  within  this  climate 
is  temperature.  The  climate  is  divided  into  areas  of  w'arm  summers  (U.S. 
corn  belt),  cool  summer  (Great  Lakes  area.  Western  and  Central  Russia), 
and  subarctic  (North  Canada,  Alaska,  Siberia).  The  insulation  provided  by 
permanent  deep  snow'  cover  serves  to  prevent  excessively  low'  soil  tempera¬ 
tures  ( although  w'inter  air  temperatures  become  extremely  low'  in  the  higher 
latitudes  and  greatly  vary).  Precipitation  is  generally  greater  in  the  sum¬ 
mer  ow'ing  to  the  influx  of  w'arm,  humid  air  from  the  south,  as  compared 
to  the  w'inters,  which  are  influenced  by  cold  polar  air.  This  is  significant 
in  regards  to  plant  grow'th.  Although  yearly  precipitation  is  moderate, 
ample  moisture  is  usually  available  during  the  growing  season.  Under  this 
relatively  high  effective  precipitation  the  cool-  and  w'arm-summered  climates 
support  an  abundant  agriculture. 

The  natural  vegetation  consists  of  forests  ( in  w'hich  conifers  predominate ) 
at  the  northernmost  margins,  and  tail-grass  prairies  in  the  subhumid  in¬ 
teriors.  The  gray-brow'ii  deciduous  forest  soils  are  good,  but  the  highly 
acid  podzol  soils  of  the  cooler,  more  northerly  coniferous  forests  are  poor. 
The  prairie  soils  are  excellent  in  structure  and  in  fertility  and  make  the.se 
lands  particularly  suitable  for  corn  and  wheat  despite  the  somewhat  lower 
and  less  reliable  rainfall.  Although  these  prairie  soils  are  limited  in  extent, 
they  make  up  the  finest  agricultural  lands  in  North  America.  Glaciation  has 
molded  many  of  the  topographical  features  in  this  climate  (for  example,  the 
rocky  New'  England  hills). 

The  warm-summered  climates  are  ideal  for  such  horticultural  ciops  as 
melons  and  tomatoes,  which  rcciuire  high  temperatures.  The  cool-summered 
climate  more  tvpically  supports  extensive  plantings  of  hardy  fruits,  such 
as  apples  and  pears,  although  cherries  and  peaches  can  be  produced  m 
protected  sites  as  are  found  in  the  Great  Lakes  area.  This  climate  is  known 
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for  cool-season  vegetables,  such  as  white  potatoes  and  peas.  Sweet  corn 
is  an  important  canning  crop  in  the  northern  part  of  the  United  States, 
where  cool  summer  temperatures  tend  to  prolong  tlie  period  of  good 
(jiialitv  for  harvesting.  The  nursery  industry  has  taken  ad\’antage  of  the 
deep  prairie  soils;  hnlh  crops,  strawherry  plants,  and  nursery  shrul)s  are 
grown  e.xtensivelv  in  this  region.  For  example,  Iowa,  located  in  the  heart 
of  tlie  corn  belt,  is  an  important  center  for  the  mail  order  nursery  business 
specializing  in  deciduous  plants.  These  ship  well  w'hen  in  full  dormancy. 

The  subarctic  regions  of  the  severe-w  intered,  temperate  climates  su]:)port 

onlv  a  limited  horticulture.  The  long  summer  davs  compensate  for  the  cool 

temperatures  and  lower  light  intensitv.  Here,  summer  frosts  become  a 

serious  hazard.  The  frost-free  season  mav  last  onlv  50-75  davs.  The  im- 

¥  ^  ¥ 

portant  horticultural  crops  are  root  crops  (potatoes,  turnips,  beets,  carrots, 
parsnips)  and  crucifers  (cabbage,  cauliflow'er ).  As  a  result  of  breeding 
programs  in  Alaska  some  adapted  strawd:)errv  varieties  are  now  available. 

The  polar  climates  are  found  in  the  high  latitudes  and  at  high  altitudes. 
The  boundary  is  set  by  a  mean  annual  temperature  of  32°F,  with  the 
a\'erage  w'armest  monthly  temperature  being  50°F.  There  is  no  horticul¬ 
tural  activity  in  this  climate. 


ECONOMIC  FACTORS 


In  addition  to  such  environmental  factors  as  climate  and  soil  a  number 
of  economic  considerations  strongly  affect  the  complexion  of  the  horticul- 
tuial  industiy.  These  include  land  costs,  availabilitv  of  labor,  distance  to 
maikct,  and  tianspoitation  facilities.  The  general  le\’el  of  the  econom\'  is 
also  an  important  factor.  A  highly  developed  industrial  economy  is  able 
to  afford  an  abundance  of  horticultural  products.  In  the  United  States  an 
increase  in  the  standard  of  lixing  results  in  an  increase  in  the  consumption 
of  fresh  fruits  and  leafy  vegetables.  In  addition,  the  perishable  nature  of 
many  horticultural  crops  necessitates  advanced  technologv  for  movement, 
storage,  and  processing.  In  an  agricultural  society  the  actual  production  of 
horticultural  products  for  local  consumption  is  di\’ersified  and  is  largely 
based  upon  home  grown  products.  As  a  result  the  total  xariety  and  xalue 
of  horticultural  products  decreases. 

Horticultural  crops  differ  as  to  their  adaptability.  In  general,  long-season 
crops,  biennials,  and  perennials  must  be  restricted  to  areas  w  here  weather 
ninams  faxorable  for  extended  periods  of  time;  many  months  are  reciuired 
for  long-season  annuals,  and  many  years  are  recpiired  for  tree  fruit  pro- 
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cluction.  Tills  greatly  restricts  their  location,  especially  in  a  highly  coinpeti- 
ti\  e  maiket.  On  the  other  hand,  annual  crops  ol  coniparativ'ely  short 
season  often  appear  to  have  a  wider  range  of  adaptation.  This  is  also  tine 
for  biennial  plants  (carrots,  onions,  cabbage)  that  are  grown  as  annual 
Cl  ops.  Actually  it  is  their  adaptability  as  a  crop  that  is  large.  They  may 
produce  a  marketable  crop  in  a  short  time.  vSeed  may  be  produced  else¬ 
where  under  more  favorable  conditions. 

The  wide  adaptability  of  annual  horticultural  crops  makes  them  respon¬ 
sive  to  local  economic  advantages.  Increased  ([iiality  and  local  market 
preference  account  for  some  of  this.  With  technological  advances  in  the 
long-distance  movement  of  horticnltiiral  crops  these  local  advantages  de¬ 
crease  in  importance.  The  trend  is  for  annual  crop  production  to  be 
situated  in  optimum  climatic  locations,  especially  those  favorable  to 
off-season  production.  Nevertheless,  the  great  cities  are  still  ringed  bv 
relatively  small  market  gardens  that  grow  fresh  produce  for  local  con¬ 
sumption.  Howe\'er,  their  number  is  decreasing.  With  the  increase  in 
processing  and  the  increase  in  centralization  of  the  chain  stores’  marketing 
operations,  the  demand  for  the  products  of  local  growers  has  dwindled  to 
an  insignificant  level  in  many  areas. 

Land  Costs 

Land  cost  includes  not  only  land  prices  but  local  taxes  as  well,  florticul- 
tural  crop  production  is  often  intensive  enough  to  justify  the  use  of  ex¬ 
pensive  agricultural  land  but  cannot  long  survive  in  urban  areas.  The 
horticultural  enterprises  originating  on  the  outskirts  of  large  cities  may  be 
literally  ov’errun  by  urban  expansion.  High  urban  taxes  soon  make  any 
agricultural  operation  unprofitable.  Although  “selling  out”  may  result  in  an 
immediate  profit  to  individual  land  owners,  the  liorticultural  industry  is 
destroyed,  and  valuable  agricultural  land  is  often  lost  forever.  Potato  farm¬ 
ing  in  Long  Island,  New  York,  and  the  citrus  industry  around  Los  Angeles, 
California  are  examples  of  this  loss. 


Labor  Siipjdij 

Manv  horticultural  operations  retpiire  at  some  point — nsnally  during 
harvesting— an  abundant  supply  of  labor.  Because  of  the  extensive  recpiire- 
ment  of  hand  work  in  the  past,  the  horticultural  industries  have  been 
dependent  upon  a  plentiful  supply  of  low-cost  labor.  4'he  relati\e  compact- 
ne.ss  of  horticultural  areas  has  set  up  routes  utilized  by  migrant  workers 
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wlio  ni()\(.‘  Ironi  crop  to  crop  as  tlic  season  progresses.  In  some  areas, 
“nationals”  are  hronglit  in  from  other  countries,  llie  organization  of  this 
labor,  or  Federal  and  State  legislation  iinolving  minimum  wages  and 
standards,  will  increase  the  cost  of  production.  This  need  for  transient 
labor  has  created  great  problems  and  has  encouraged  the  automation  of 
such  operations  as  transplanting,  weed  control,  and  harvesting.  Neverthe¬ 
less,  mam'  operations  will,  in  the  near  future,  depend  upon  large  seasonal 
labor  resources. 

The  recent  mo\’e  of  the  greenhouse  industry  away  from  large  centers 
of  population  to  more  rural  locations  is  due  to  labor  costs  as  w’ell  as  to 
taxation,  ('heap  labor,  however,  is  not  a  dependable  resource.  Tbe  solution 
to  extcnsi\e  labor  re(juirements  undoubtedly  lies  in  labor-sa\'ing  devices 
and  technological  innovations. 


Market  Advantage 

o 

Historically,  the  commercial  horticultural  industrv  originated  close  to  the 
large  centers  of  population.  The  perishable  nature  of  most  horticultural 
products  gave  a  distinct  advantage  to  market  proximitv  bv  virtue  of  a 
monopoly  on  ([uality.  As  transportation  and  storage  facilities  have  im¬ 
proved,  this  advantage  has  steadily  diminished.  Rapid,  refrigerated  trans¬ 
portation  facilities  operating  over  great  distances  have  equalized  the  cpialitv 
differential.  The  integration  of  railroad  and  motor  truck  systems  have 
further  increased  transportation  efficiency.  Recent  advances  in  the  air  ship¬ 
ment  of  high-priced  horticultural  products  such  as  flowers  and  straw¬ 
berries  have  reduced  the  advantages  of  market  proximit\’  to  growers  of 
these  highly  perishable  commodities. 

Transportation  costs  have  remained  relativelv  constant  over  the  \  ears  and 

•  0 

do  not  explain  the  decrease  in  the  industrN’  s  dependence  on  market  prox¬ 
imity.  Other  factors  that  determine  the  distribution  pattern  are  market 
price,  season  of  shipment  and  cost  of  production.  Transportation  costs, 
how'ever,  are  still  a  significant  cost  factor  (Table  12-2).  However,  wben 
the  reduced  cost  of  production  of  a  different  region  offsets  excessi\'e  trans¬ 
portation  costs,  the  industrv  is  bound  to  move. 

One  of  the  chief  factors  in  market  ad\antage  has  been  out-of-season 
production.  Thus,  early  strawberry  production  in  Louisiana  and  winter 
production  of  \'egetables  in  warmer  soutbern  and  western  climates  ba\e 
created  an  important  horticultural  industry,  notwithstanding  poor  soils  and 
frost  dangers. 

The  consolidation  of  marketing  operations  by  large  food  chains,  which 
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I'ahle  12-2.  Transportation  costs  for  Delicious  apples,  1955-11)57. 

[Datii  from  Afiriviill iiral  Marki  tini’  Service,  USDA.] 
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(leal  directly  with  growers,  favors  larger  operators  located  in  fa\'ored 
climatic  areas  of  production.  For  example,  less  than  200  buying  concerns 
handle  60/f  of  the  nation’s  fruit.  The  trend  is  toward  the  centralization  of 
the  industry  in  response  to  climatic  factors. 


Ciiltiiml  Factors 

In  addition  to  environmental  and  economic  factors,  there  are  a  number 
of  cultural  factors  that  have  played  a  significant  role  in  the  distribution  of 
the  horticultural  industry.  In  many  cases  the  development  of  the  industry 
in  the  United  States  can  be  traced  along  with  the  history  of  certain  national 
groups.  For  example,  the  greenhouse  industry  was  brought  to  America 
primarily  by  the  Dutch  immigrants,  and  is  reflected  today  in  the  large 
percentage  of  people  of  Dutch  descent  who  still  engage  in  the  commercial 
production  of  vegetables  under  glass  in  the  Midwest.  This  is  also  true  of 
the  onion  set  industry  located  around  Chicago.  Similarly,  the  Japanese 
flower  and  vegetable  growers  are  prominent  in  West  Coast  horticnlture. 

Many  local  horticultural  enterprises  of  considerable  scale  relate  to  a  par¬ 
ticular  familv  or  firm.  A  single  grower  in  W’isconsin  produces  a  significant 
percentage  of  the  horse  radish  used  in  the  United  States.  The  success  of 
the  Hill  Nurseries,  the  largest  rose  center  in  the  United  States,  has  brought 
a  large  Horicultural  industry  to  Indiana,  although  there  are  better  adapted 
areas  in  terms  of  light  and  temperature.  The  carnation  industry  in  New 
Fngland  traces  its  origin  to  a  few'  pri\  ate  conservatories  of  wealthy  estate's. 

NIarket  preferences  have  greatl)  affected  the  horticultural  industry.  For 
example,  collards  and  mustard  greeus  are  typical  southern  dishes.  The 
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population  shifts  of  pooplo  from  tlic  Soutli  to  Cliicago  iiiclustiv  luis  lo- 
sultt'd  in  a  new  croj)  for  market  gardeners  loeated  in  this  area.  Similarly, 
the  large  number  of  “Chinese  restaurants  in  the  Last  has  stimulated 
speeialized  vegetable  enterprises  in  Long  Island  to  serve  this  trade.  In 
general,  these  unicpie  markets  tend  to  decrease  in  importance  in  the  Lbiited 
States  as  the  mobilitv  of  population  increases.  However,  national  habits 
iinoKing  food  preferences  change  relatixely  slowly.  The  preference  for 
wine  \ersus  beer  has  a  profound  effect  on  a  nation’s  horticulture. 
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Horticultural  Enterprises 


The  commercial  horticultural  industry  is  made  up  of  those  enterprises 
concerned  directly  with  the  production,  handling,  and  maintenance  of 
horticultural  crops.  The  many  allied  enterprises  that  handle  horticultural 
crops  in  a  more  or  less  direct  way,  such  as  the  storage,  processing,  and 
marketing  organizations,  as  well  as  the  maintenance  and  service  enterprises 
connected  with  horticultural  plantings  will  only  be  indirectly  discussed. 
Horticulture  is,  ultimately,  the  study  of  the  individual  crop,  the  basis  of 
the  industrv.  Notwithstanding  the  diversity  of  horticultural  plants,  the  pro¬ 
duction  enterprises  can  be  properly  grouped  into  a  number  of  distinct  areas 
based  on  the  traditional  divisions  of  horticultural  crops,  namely,  fruits, 
vegetables,  and  ornamentals. 

f  lorticultural  production  is  characterized  by  extensive  expenditures  for 
capital  and  labor.  The  size  of  the  operations  varies  greatly.  In  the  tropics 
and  subtropics,  much  of  horticulture  is  run  typically  on  a  plantation  basis, 
and  in  manv  instances  is  integrated  with  extensive  processing  operations 
(for  example,  pineapple,  cocoa).  In  contrast,  greenhouse  production  in 
the  temperate  climates  may  be  extremely  small  with  respect  to  land  utili¬ 
zation,  although  highly  specialized  and  requiring  much  capital. 

.Accurate  world  production  figures  for  all  horticultural  crops  are  not 
available.  This  is  due  in  part  to  the  absence  of  international  communi¬ 
cations  and  in  part  to  poor  statistical  records.  Production  statistics  may 
be  incomplete  or  may  be  computed  differently  in  different  countries.  For 
example,  some  countries  report  only  commercial  production;  others  rej:)ort 
total  production.  The  lack  of  reliable  data  is  especially  noticeable  for  crops 
that  may  be  of  local  importance  but  that  do  not  enter  significantly  in  world 
trade.  This  tends  to  underestimate  the  more  highly  perishable  horticultural 
crops,  even  those  that  may  be  grown  extensively  in  home  or  local  gardens. 
W'orld  production  figures  of  the  major  crops,  shown  in  Table  13-1,  indicate 
the  importance  of  horticulture. 

414 


415 


1 1  art  iciilt  u  ral  E 1 1 1  er  prises 

Table  13-1.  Comparison  of  world  productioiC  of  some  major  crops. 

[Data  from  Production  Yearbook  1959,  F.A.O.,  I960.] 
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The  economic  level  of  horticultuial  crop  production  is  in  large  part  re¬ 
lated  to  the  general  agricultural  situation.  At  present  the  limitation  to 
agricultural  progress  has  been  the  slow  rate  of  economic  development  in 
many  parts  of  the  world.  The  striking  increase  in  productivitv  that  we 
luue  seen  brought  about  by  advances  in  agricultural  science  ha\’e  not 
benefited  all  countries.  In  much  of  the  world,  such  advances  will  depend 
not  upon  increased  information  but  upon  eliminating  rural  povertx'  and 
the  insecurity  of  farm  tenure  as  well  as  increasing  the  availabilitv  of  reason¬ 
able  credit.  In  many  areas,  farm  prices  are  unstable  and  discourage  the 
iinestment  reejuired  for  an  intensive  mechanized  agriculture.  In  addition, 
marketing  channels  are  often  inadeejuate  for  handling  perishable  crops. 

1  he  pioduction  of  many  horticultural  crops  has  shown  an  upward  climb 
ovei  the  last  decade  (Table  13-2).  This  reflects  not  only  the  increase  in 
woild  population  but  also  the  increase  in  world  trade  and  the  expansion  of 
the  processing  industries,  especially  in  many  European  countries.  The 
broadening  of  the  marketing  season  by  \arietv  selection  and  application 
of  improved  distribution  technology  has  increased  the  availability  of  horti¬ 
cultural  crops  over  the  year.  The  following  broadcast  of  the  British  Broad¬ 
casting  (.ompany,  aimed  at  the  English  housewife,  illustrates  this  niceb . 


lahle  13-2.  W  orhl  production  fit^tircs  {in  tlionsaiuis  of  metric  ton.s)^  for  selected  horticnlturcd  crops. 

[Data  from  Production  Yearbook  1959,  F.A.O.,  I960.] 
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Extract  from  “Sliof)f)i)io  List,”  broadcast  by  the  B  B  C.,  Eebruanj  IS,  Ib5U 


Eruit 


It  you’re  looking  tor  luxury  this  week-end  this  is  undoubtedly  the  time  to 
buy  a  pineapple.  Those  superb  large  pineapples  trom  the  Azores — uormallv 
very  expensive — are  being  sold  in  a  number  ot  shops  at  less  than  their  usual 
price.  There’s  no  catch  in  it — they  are  ot  excellent  (jnality;  it  just  happens 
that  the  market  price  has  tallen.  Look  tor  bright  color  on  the  skin  and  tresh 
looking  toliage. 

It  the  price  is  still  above  your  budget,  or  it  you  can’t  find  any  in  your  local 
shops,  there  are  plenty  ot  smaller,  tar  cheaper,  pineapples,  trom  South  Airica 
and  Jamaica.  Their  flavour  is  not  as  toll  as  that  ot  the  Azores  ones,  but  tor 
a  traction  ot  the  price  they’re  pretty  good  all  the  same. 

The  first  ot  the  blood  oranges  trom  Spain  and  Morocco  will  already  be 
in  a  tew  shops  this  week-end.  Their  flavour  is  pleasant — they’re  very  rarely 
sharp — and  the  bright  red  mixed  with  the  orange  colour  is  attractive. 

Israeli  oranges,  too,  are  excellent  now.  And  I  see  the  Manchester  report 
is  recommending  tor  value  large  o\'al  oranges  imported  trom  Turkey.  Another 
best  buy  listed  in  nearly  all  areas  is  bananas. 

There  has  not  been  a  heavy  crop  ot  South  Atrican  peaches  this  year;  al¬ 
though  there’s  been  a  relati\'ely  big  arrival  this  week.  But  you  can  t  expect 
any  low  prices.  Gaviota  plums  too — they’re  the  yellowish-orange  ones — are 
not  cheap  but  they’re  large  juicy  truit. 

South  Atrican  grapes — black  and  white — are  now'  in  most  areas. 

Here’s  something  unusual  tor  this  time  ot  year;  there  have  been  fresh  ar¬ 
rivals  ot  remarkably  good  cjuality  chestnuts  trom  Italy. 

Vegetables 

The  Bristol  report  says  there  are  improved  supplies  ot  leeks.  Also  well 
w'orth  buying  are  carrots  and  all  the  cabbage  tamily,  including  savoys  and 
spring  greens.  There  are  more  parsnips  now  and  generally  their  (piality  has 
improved. 

I’ve  been  getting  some  w'ell  flavoured,  reasonably  priced  tomatoes.  And 
I  see  the  report  trom  Cflasgow  agrees  that  Canary  tomatoes  aie  in  good 
condition  now.  But  you  need  to  see  that  they  aie  fiim. 

There  are  some  home-grown  cucumbers  in  a  tew'  shops,  and  if  you  think 
they’re  expensive,  I’m  told  they  are  not  as  high  in  price  as  usual  at  this  time 

ot  vear. 

the  report  on  Wednesday  was  ot  lower  prices  ot  home-grown  potatoes. 
There  is  also  a  bewildering  varictv  ot  imported  ones,  the  latest  arrivals  com¬ 
ing  trom  the  Canary  Islands;  these  aren’t  cheap,  but  they  do  include  some 

which  can  be  scraped. 


In  contrast  to  many  of  tbc 
nearly  all  borticnltnral  crops 


staple  agricnltnral  crops,  tbc  world  prices  ot 
arc  treed  trom  price  controls.  However,  in 
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many  coiiiitrii's  there  are  stringent  import  controls.  Tliis 
proN’itles  protection  for  domestic  liorticnltnral  production. 


restrictix’c  trade 


F  H  U  IT  PR  ()  D  U  C  T  I  ()  N 

Taken  together,  the  production  of  fruit  compares  fa\'orably  witli  the 
w’orld’s  staple  agricnltnral  crops.  W^orld  fruit  production  is  steadily  increas¬ 
ing,  although  government  programs  have  tended  to  favor  grain  and  oil 
crops.  liorticnltnral  crops  tend  to  be  expensive  in  terms  of  calories.  Al¬ 
though  the  permanent  nature  of  fruit  crops  tends  to  stabilize  production 
oxer  the  long  run,  there  may  be  great  differences  in  production  from  year 
to  vear.  This  is  due  in  part  to  their  concentration  and  sensitiv  ity  to  env  iron- 
ment.  Compare,  for  example,  the  variation  between  European  apple  and 
pear  production  in  1957  and  1958.  The  low  1957  production  was  due  to 
cold  weather  during  the  winter  and  spring  of  1956-1957.  The  heavy  crop 
of  fruit  buds  subsequently  produced  resulted  in  a  bumper  crop  in  1958. 


Crapes 

Grapes  are  the  most  important  fruit  erop,  accounting  for  almost  half  of 
the  fruit  production  of  the  world.  Grapes  are  grown  throughout  the  tem¬ 
perate  regions  and  espeeially  in  the  warmer,  sunnier  climates  with  mild 
winters.  In  Northern  Europe,  especially  in  Belgium  and  the  Netherlands, 
there  is  significant  production  of  grapes  under  glass.  About  54^  of  the 
world  s  crop  is  pressed  into  wine,  45%  is  consumed  fresh,  and  \%  is  dried. 
Specific  varieties  are  grown  for  each  purpose.  The  combination  of  soil 
tvpe,  climate,  and  grape  variety  accounts  for  the  differences  in  wines  pro¬ 
duced  throughout  the  world.  In  the  United  States,  grape  production  is 
largely  located  in  Galifornia,  although  a  sizable  grape  industrv'  exists  in 
the  Great  Lakes  region.  In  Galifornia,  the  European  grape,  Xitis  viuifera, 
is  grown  for  fresh  fruit,  raisins,  and  wine.  Of  the  entire  Galifornia  crop, 
20%  of  the  grapes  grown  are  wine  varieties,  20%  are  table  varieties,  and 
3()/i  aie  laisin  vaiieties.  In  the  past,  raisins  and  other  dried  fruit  made  up 
the  bulk  of  our  fruit  exports,  but  this  market  has  been  decreasing.  In  the 
Great  Lakes  region  the  more  severe  winters  limit  the  culture  of  vinifera 
grapes,  thus  the  American  grape  Vh  labnisca  is  grown  almost  exclusively. 
The  basis  of  the  industry  is  the  Goncord  variety,  whose  “foxv”  flavor  is 
prized  for  nonfermented  grape  juice.  Grape  juice  is  usually  canned,  al¬ 
though  frozen  concentrate  is  achieving  exceptional  market  acceptance. 
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Apples  and  Feats 


Apple  and  pear,  the  pome  fruits,  are  important  tree  fruits  of  the  tem¬ 
perate  climates.  The  fruits  are  closely  related  botanically  and  their  culture 
is  similar.  Both  crops  are  often  grown  in  the  same  orchard. 

The  apple  is  the  most  important  individual  species  of  tree  fruits  in  the 
world.  It  is  widely  adapted  and  is  grown  in  temperate  regions  that  liave 
a  distinct  cold  period.  Although  the  United  States  is  the  largest  single 
producer,  the  bulk  of  the  world’s  crop  is  grown  in  Europe.  The  majority 
of  the  European  varieties  are  predominantly  cooking  and  cider  apples. 
Cider,  which  is  sold  with  an  alcoholic  content  of  about  6-8%,  is  (juite  popu¬ 
lar  in  England  and  Northern  Europe.  Recently  there  has  been  a  trend  away 
from  cooking  apples  to  dessert  types,  with  increased  emphasis  on  the 
more  attractive  red  varieties. 

Although  apples  are  grown  throughout  the  United  States,  the  largest 
concentrations  are  on  the  West  Coast  (Washington,  California),  in  the 
Great  Lakes  area  (New  York,  Michigan),  and  in  the  Appalachian  area 
(\'irginia.  West  \4rginia,  Pennsylvania).  The  Western  orchards  must  be 
irrigated,  but  the  low  humidity  reduces  the  disease  problem,  and  the 
climate  is  unicpiely  adapted  for  the  production  of  fruit  of  high  “finish” 
and  attractiveness. 

About  10  varieties  account  for  over  90%  of  the  United  States  crop.  The 
trend  over  the  last  fifty  years  has  been  toward  a  great  reduction  in  the 
number  of  varieties  and  a  change  to  the  red  sports  of  the  more  popular 
varieties,  such  as  Delicious,  Rome,  Jonathan,  McIntosh.  The  small  farm 
orchards”  have  disappeared,  and  production  has  concentrated  in  more 
adapted  locations.  Although  tree  numbers  have  shown  a  gradual  decline 
until  recently,  yields  are  going  up.  The  export  market,  which  has  decreased 
from  pre- World  War  II  levels,  is  now  stable.  The  net  effect  of  the  increase 
in  population,  along  with  a  decrease  in  per  capita  consumption,  has  been 
a  stabilization  of  the  apple  consumption  in  the  Plnited  States  over  the  past 


decade. 

Production  technology  in  the  apple  industry  has  shown  great  changes.  In 
the  United  States  there  is  a  trend  toward  greater  use  of  dwarfing  rootstocks 
particularly  of  the  “semidwarf”  types  such  as  EM  II  and  EM  \  II,  but  .seed¬ 
ling  rootstocks  are  still  the  most  prominent.  The  use  of  controlled  atmos¬ 
phere  storage  makes  it  possible  to  obtain  high  (piality  apples  the  year 
around.  As  this  technological  advance  increases  in  use,  it  promises  to 
bring  significant  changes  to  the  pattern  of  apple  marketing.  It  already  has 
interfered  with  the  movement  of  early  summer  varieties.  Probably  the 
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most  siVnifiemit  atixaoce  in  production  tccimology  lias  been  the  increased 
nse  of  organic  fungicides  and  insecticides  in  tlie  spray  scliednies.  Most 
Nortlieastern  orcliards  nse  liigli  concentrate  sjiecd  sprayers  but  dusting  is 
more  prominent  in  tlie  West. 

Tlie  world’s  pear  production  is  about  a  third  of  tlie  worlds  apple  pro¬ 
duction.  The  major  w'orld  production  is  located  in  Western  Europe.  Ovei 
40'/  of  the  European  crop  goes  into  the  production  of  perry  (  pear  cidei  ), 
the  rest  is  practically  all  consumed  fresh.  In  the  United  States,  peais  aie 
relatively  less  important,  and  total  production  represents  only  about  one- 
fourth  that  of  apples.  The  United  States  industry  is  based  largely  on  the 
Bartlett  variety,  which  accounts  for  about  80%  of  the  total  production. 


Bartlett  is  used  for  fresh  consumption  and  processing.  The  Bartlett  peai  is 
becoming  one  of  the  most  important  varieties  in  Europe,  where  it  is  known 
as  Williams  or  William  Bon  Chretien.  Almost  90%  of  the  United  States  pro¬ 
duction  is  located  in  the  states  of  Washington,  Oregon,  and  California.  Of 
the  total  crop,  about  half  is  processed  by  canning. 

Although  the  pear  is  not  cpiite  as  hardy  as  the  apple,  the  limiting  factor 
to  pear  production  has  been  the  bacterial  disease  fireblight,  which  has 
eliminated  commercial  pear  production  from  the  warmer  humid  regions 
of  the  United  States.  The  disease  had  been  confined  to  the  Western  hemi¬ 
sphere  but  has  recently  appeared  in  England.  Recently  a  disorder  called 
pear  decline  has  severely  hampered  western  pear  production.  The  trouble 


is  severe  on  varieties  grafted  onto  oriental  rootstocks. 


Citrus  Fruits 

The  citrus  group  of  evergreen  fruits  are  native  to  the  subtropical  regions 
of  Eastern  Asia.  They  are  now  the  major  fruit  crop  of  the  subtropical 
climates,  and  rank  in  importance  w’ith  apple  and  pear.  Although  the  crop 
can  be  grown  in  the  tropics,  fruit  (jualitv  is  inferior.  The  main  centers 
of  world  production  are  the  United  States,  Brazil,  Spain,  Japan,  Italy, 
Mexico,  and  Israel.  The  United  States  is  far  and  away  the  highest  pro¬ 
ducer,  although  the  industry  is  located  in  relatively  small  areas  in  the 
states  of  Florida,  California,  and  Texas. 

The  citrus  group  contains  a  great  number  of  edible  species.  Of  the 
commercially  grown  types,  the  sweet  orange  is  the  most  important.  Cadi- 
fornia  orange  industry  is  based  primarily  on  two  varieties,  the  W’ashington 
Navel,  which  is  relatively  seedless,  and  the  X’alencia  (Fig.  13-1).  The 
Florida  industry  is  made  up  of  a  number  of  thin-skinned  varieties,  of 
which  the  most  important  are  the  Parson  Brown  and  the  Hamlin.  Mandarin 
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oranges,  a  dillercMit  species  than  tlie  sweet  orange,  are  typically  rough 
skinned,  and  are  loosely  united,  haxing  easily  separated  segments.  (I)(‘ep 
orange-red  mandarins  are  called  tangerines.)  Mandarins  are  widely  popular 

in  Japan  and  have  achieved  con¬ 
siderable  importance  in  the  United 
States. 

A  number  of  artificial  hybrids 
within  the  citrns  group  have  been 
produced.  Among  these  are  the 
tangor  (tangerine  X  sweet  orange) 
and  the  tangelos  ( tangerine  X 
grapefruit).  The  most  important  of 
these  hybrids  is  the  temple  “or¬ 
ange,”  which  is  belie\'ed  to  be  a 
tangor.  The  temple  orange  has 
achie\'ed  importance  in  Florida. 
Grapefruits,  lemons,  and  limes  are 
the  other  major  citrus  crops. 

The  high  concentration  of  citrus 
production  in  the  United  States  has 
led  to  grove  management  on  a  con¬ 
tract  basis  by  cooperative  or  caretaking  organizations.  The  size  of  individu¬ 
ally  owned  groves  is  commonly  as  small  as  20  acres,  although  the  Florida 
enterprises  tend  to  be  larger.  The  great  increase  in  the  citrus  industry  in  the 
United  States  is  due  to  a  number  of  factors,  including  low  production  costs 


Valencia  oranges  in  CaJifor- 


Fig.  13-1 
nia. 

[Photograph  !)>•  J.  C.  .-Mien  &  Son.] 


(low  as  compared  to  apples,  for  example),  efficient  marketing,  joint  industry 
advertising  and  promotion,  and  the  rise  of  citrus  as  an  important  processing 
crop.  A  major  part  of  the  Florida  citrus  crop  is  utilized  as  frozen  concentrate. 


Bananas 

Bananas,  originating  in  the  tropical  regions  of  southern  Asia,  represent 
one  of  the  earliest  of  cultivated  plants  (Fig.  13-2).  They  are  a  true  tropi¬ 
cal  fruit  and  rcHiuire  temperatures  that  do  not  fall  l)elow  5()°F  or  rise 
above  105  F.  Although  there  are  many  edible  species,  the  most  im¬ 
portant  is  the  seedless  (selections  of  Musa  sapientum),  exemplified  by  the 
variety  Gros  Michel.  In  Asia  there  are  many  starchy  cooking  types  of 
bananas  known  as  Plantains  (M.  paradisica).  Bananas  have  become  one  of 
the  most  important  fruits  of  the  world,  and  are  the  best  known  of  the  tropi- 
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cal  fruits.  The  leacliug  prcxlnci.tf-  counhaVs  in  the  Western  llennspl.ere  arc- 
licndnras,  Cinsta  liica,  and  I'ananta.  whereas  the  leading  .^sian  cnuntr,es 
are  India,  Malaya,  Kor.nosa,  a.id  the  I’hilippines.  The  present  e.spnrt  ,n- 

(lustry  is  located  largely  in  the  _ 

Caribbean  countries  and  is  con¬ 
trolled  by  a  few  companies,  of 
which  United  F'ruit  is  the  largest. 

The  main  limitation  to  production 
in  Central  America  have  been  two 
devastating  di.seases,  the  “Panama 
disease,”  a  root  wilt  caused  by  a 
Fusarium  oxifsj)oriu))i  cid)cnse  and 
Sigatoka,  a  leaf  spot  caused  by 
Ccrcospora  miisac.  At  present  the 
only  economical  way  of  controlling 
Panama  disease  is  to  move  plant¬ 
ings  to  new  wilt-free  locations. 


Stone  Fruits 


Species  of  the  genus  Priinus  con¬ 
stitute  the  so-called  stone  fruits  and 
include  the  plum,  peach,  cherry, 
and  apricot.  The  stone  fruits  re- 
(juire  a  cold  period  to  break  their 
rest  period,  but  are  subject  to  win¬ 
ter  killing  and  frost  injury  and  thus 
can  be  grown  profitably  only  in  re¬ 
stricted  locations. 

Plums  and  peaches  are  the  most 
important  of  the  stone  fruits.  There 
are  a  great  number  of  plum  varie¬ 
ties  and  species,  with  a  correspond¬ 


Fig.  13-2.  77ie  banana  plant.  A.s  the 
stem  clon<^atcs,  the  hlo.ssoms  unfold.  The 
fruited  .stalk,  or  hunch,  consists  of  manij 
clusters  of  flowers  called  hands.  Each 
female  flower  develops  into  a  fruit — the 
‘'finder.”  Male  flowers  are  produced  to¬ 
ward  the  apex  end  of  the  .stem. 

[I’hotonrapli  I>y  J.  C.  .A’leii  &  Son.] 


ing  wide  range  of  adaptability. 

Plums  that  have  a  high  sugar  content  and  can  be  dried  are  known  as  prune- 
tvpe  plums,  or  simply  as  prunes.  The  great  bulk  of  the  world’s  plums  are 
grown  in  Europe.  The  leading  countries  are  Yugoslavia,  Rumania,  and  Ger¬ 
many.  In  the  United  States  the  W  est  Coast  accounts  for  almost  the  entire 
eommercial  crop,  of  which  a  large  proportion  is  dried  and  sold  as  prunes. 
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1  ho  Unitod  States  is  the  most  important  peach  producing  country.  Al)ont 
l.ah  of  tlie  crop  is  grown  in  California.  Two-tliirds  of  the  California  crop 
are  clingstone  peaches.  These  are  “rubbery  fleshed”  peaches  and  are  all 
processed  by  canning.  The  remaining  California  production,  and  the  rest 
of  the^  United  States  production,  is  devoted  to  freestone  peaches.  These 
have  melting  flesh,”  and  the  pit  more  or  less  separates  from  the  flesh 
when  ripe.  Probably  the  most  famous  freestone  peach  is  the  Elberta,  which 
is  still  the  standard  variety.  A  number  of  breeding  programs  have  pro¬ 
duced  peaches  that  ripen  over  a  two-month  period  at  most  locations. 
Nectarines,  which  are  smooth-skinned  peaches,  are  produced  almost  ex¬ 
clusively  in  California. 

Cherries  are  an  important  European  fruit.  They  are  relatively  less 
popular  in  the  United  States.  European  production  consists  mainly  of 

sweet  cherries  (Prunus  avium), 
whereas  more  than  half  of  the 
United  States  production  consists 
of  tart  cherries  (Prunus  cerasus). 
The  variety  Montmorency  is  the 
basis  of  the  tart  cherry  industrv  in 
the  United  States.  The  production 
of  sweet  cherries  is  concentrated  on 
the  W  est  Coast,  whereas  tart  cher¬ 
ries  are  2;ro\^'n  most  abundantlv  in 
the  Great  Lakes  region.  The  United 
States  commercial  production  of 
apricots  is  almost  completely  con¬ 
fined  to  California.  The  bulk  of  the 
crop  is  processed  by  canning  or 
diving. 


Small  Fruits 


Fig.  13-3.  The  blueberry  has  become  an  The  small  fruits  include  the 
important  small  fruit  crop,  transforming  grape,  strawberrv,  the  brambles, 
many  of  the  supposedly  worthless  acid  currant,  gooseberrv,  cranberrv',  and 
,oU,  into  valuable  cropland.  l,|„ebe.TV  (Fig.  13-3).  Except  for 

[Photograph  by  J.  C.  Allen  &  Son.]  '  ^  , 

grapes,  the  most  important  (and 
perishable)  small  fruit  is  the  strawberry  (Fig.  13-4),  which  is  followed  in 
turn  by  the  brambles  (blackberries,  raspberries,  dewberries).  These  crops 
are  w  idely  adapted,  although  expansion  of  the  WTst  Ckiast  strawberrv  indus- 
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fruit  crops.  Prcseut-dat/  varieties  descend  from  hybrids  of  Fra- 
garia  virgiiiiana,  native  to  the  ea.'it  coast,  and  F.  chiloensis,  native 
to  the  Pacific  coastline  of  }^'orth  and  South  America. 

[PliotoBraph  liy  J.  C.  Allen  Sc  Son.] 

trv  has  reached  the  point  wliere  California  accounts  for  almost  half  of  the 
United  States  crop.  In  California  the  acreage  devoted  to  this  crop  increases 
and  decreases  in  response  to  price  changes. 

The  high  labor  costs  associated  with  small  fruits  have  limited  the  ex¬ 
pansion  of  this  crop  in  the  United  States.  Although  production  has  stabilized, 
yields  per  acre  have  steadily  gone  up  with  the  increased  care  of  improved 
varieties  and  with  the  adoption  of  better  cultural  practices.  The  use  of 
virus-free  plants  has  increased  the  productivit)'  of  many  small  fruit  \arie- 
ties.  In  strawberries  irrigation  has  played  an  important  role  in  increasing 
performance.  Irrigation  is  also  widely  used  to  control  spring  frost.  The  de- 
\elopment  of  the  freezing  industry  and  the  experimental  success  of  har¬ 
vesting  machines  in  the  brambles  would  indicate  future  expansion  of  the 
industrv. 


\  K  c;  i:  T  A  B  L  i:  v  w  o  i)  u  c  r  i  o  \ 

The  vegetable  industry  has  been  characterized  bv  flexibility.  Most  vege¬ 
tables  ar('  grown  as  annuals,  hence  shifts  in  variety  and  crop  can  be  rc'adilv 
made.  In  the  past,  a  good  portion  of  the  vegetable  enterprises  was  diversi- 


428 


Horticultural  Enterprises  [Chap.  13] 


Bed,  and  no  great  long-term  investments  were  recjiiired.  It  was  always 
lelatively  easy  to  go  into  or  out  of  the  vegetable  business.  This  is  becom¬ 


ing  less  true  as  irrigation,  specialized  e([uipment,  and  storage  and  packing 
facilities  are  becoming  an  integral  part  of  vegetable  enterprises.  The  vege¬ 
table  industry  in  the  United  States  mav  be  classified  into  home  (lardeu 
market  garden,  and  truck  garden.  In  addition  to  these  categories,  there 
exist  a  number  of  specialized  parts  of  the  vegetable  industrv,  such  as  plant 


growing,  greenhouse  forcing,  seed  production,  and  mushroom  culture. 

The  ‘home  garden”  inv'oK'es  the  production  of  vegetables  for  home  con¬ 
sumption  and  is  still  the  most  important  source  of  vegetables  in  many 
countries.  It  is  still  a  considerable  factor  in  vegetable  production  in  the 
rural  United  States,  although  the  garden  appears  to  be  becoming  almost 
more  important  as  an  outlet  for  recreation  than  as  a  source  of  food.  In 
times  of  national  peril,  home  gardens  become  an  important  part  of  a 
country  s  food  supply.  “Market  gardening”  developed  from  local  gardens 
and  involves  intensive  production  of  manv  kinds  of  vegetables  around  larger 
centers  of  population.  Market  gardening  is  disappearing  in  the  United 
States  as  a  result  of  increasing  land  costs  and  improvement  in  food  dis¬ 
tribution.  The  remaining  market  garden  areas  have  succeeded  due  to  the 
extremely  intensive  cultural  practices  of  skilled  growers  who  produce  high 
yields  and  good  (|ualitv.  The  large-scale  production  of  xegetables,  com¬ 
monly  less  diversified  than  market-gardens  production,  is  known  as  “truck 
farming’  (from  the  French  “trocjuer,”  meaning  “to  barter”).  Truck  farm¬ 
ing,  which  is  based  on  suitable  season,  climate,  and  soil  rather  than  market 


Fig.  13-5.  .An  irrigated  lettuce  farm  in  the  Hawaiian  Islands. 


[I’liotDi'raph  h>  J.  C.  Allen  &  Son.] 
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proximity,  lias  liecome  the  most  important  part  of  the  modem  xegetable 
industry  (Fig.  13-5).  Truck  crop  production  may  be  destined  for  fresli 
market  consumption  or  for  processing.  The  rise  of  tlie  processing  industry 
lias  made  manv  individual  vegetable  crops  part  of  the  geneial  lotation 
of  farm  crops.  For  example,  tomatoes  and  sweet  corn  liaxe  become  an 
important  “cash”  crop  in  many  midwestern  general,  or  grain,  farms. 

Tomatoes 

The  tomato  is  nati\'e  to  South  .America,  and  w  as  introduced  into  Europe 
prior  to  1544  \ia  the  Spanish  conijuistadores.  Superstitions  concerning 
presumed  poisonous  (jualities  discouraged  its  use  in  many  European  coun¬ 
tries  w  ith  the  exception  of  the  Mediterranean  regions  until  the  late  eight¬ 
eenth  century.  Tomatoes  did  not  be¬ 
come  popular  in  the  United  States 
until  the  latter  part  of  the  nine¬ 
teenth  centurv,  although  they  had 
been  introduced  from  Europe  ov'er 
a  hundred  vears  earlier. 

.Although  the  plant  is  frost  sus¬ 
ceptible,  the  tomato  is  one  of  the 
most  widely  cultivated  plants,  and 
is  grown  from  the  ecpiator  to  as 
far  north  as  Fort  Xorman,  Canada 
(65°  lat.).  The  tomato  is  also 
grown  largely  under  glass  in  Xorth- 
ern  Europe.  In  the  United  States 
it  is  the  most  important  green¬ 
house  vegetable  and  ranks  as  the 
most  popular  home  garden  food 
plant.  The  leading  countries  in 
terms  of  production  are  the  United 
States,  Italv,  Spain,  and  Egypt. 

The  United  States  accounts  for 
about  one-third  of  the  world’s  pro¬ 
duction.  In  1960,  California,  Flor¬ 
ida,  and  Texas  were  the  leadintr 

O 

states  for  fre.sh  market  production. 

Tomatoes  destined  lor  fresh  consumption  are  picked  in  the  pink  stage', 
from  wfiich  they  ripen  naturally  off  the  plant.  Tomatoes  can  also  be  jn'cked 
green,  stored,  and  artificially  ripened.  They  are  tlum  referred  to  as  “<rr('en 


Fig.  13-6.  (Ahofc)  riant  breeders  ex- 
anii)U’  dxcarf  tomato  plant  developed  for 
mechanical  harvest in<^.  (Below)  Roma,  a 
paste  tomato,  was  developed  In/  the 
USD  A  to  provide  a  hioh-solids  product 
for  jyiocessin/i. 

[Courtesy  Purdue  University  and  J.  C.  Allen  &•  Son.] 
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wraps.  Caliloniia,  Indiana,  and  Ohio  are  the  leading  states  in  the  pro¬ 
duction  of  tomatoes  for  processing.  Tomatoes  are  canned  whole  and,  in 
order  of  increasing  consistency,  as  juice,  puree,  sauce,  catsup,  and 
paste. 

Tomatoes,  although  a  perennial  plant,  are  grown  as  an  annual.  The  usual 
method  of  planting  is  by  transplants,  although  direct  seeding  is  increasing 
in  popularity  due  to  the  effectiveness  of  chemical  w’ced  control.  The 
mechanical  harvesting  of  tomatoes  has  been  de\'eloped  and  promises  to 
effect  great  changes  in  the  industry  (Fig.  13-6). 


Potatoes  and  Yams 

The  major  starchy  vegetable  crops  of  the  world  are  three  unrelated 
“underground”  crops.  Tw'o  are  native  to  South  America,  and  both  are  re¬ 
ferred  to  as  potatoes.  Solanuni  tuberosum,  the  w4iite  (or  Irish)  potato,*  is 
a  cool-season,  temperate-zone  crop,  whereas  Ijwmoeo  batatas,  the  sweet 
potato,  is  a  warm  season  crop  that  is  more  adapted  to  the  tropics  and 
subtropics.  Although  some  varieties  of  sweet  potatoes,  especially  those  w  ith 
a  moist,  soft  texture  are  referred  to  as  yams,  the  true  yam  belongs  to  the 
genus  Dioscorca,  an  important  tropical  root  crop  of  Asia  that  is  relatively 
unknown  in  the  Western  Hemisphere. 

The  white  potato  is  one  of  the  most  important  food  crops  of  the  world 
and  is  especially  adapted  to  the  northern  United  States,  southern  Canada, 
and  northern  Europe.  A  temperature  of  70°F  is  optimum  for  tuber  forma¬ 
tion.  At  higher  temperatures  the  increased  respiration  rate  reduces  the 
amount  of  stored  carbohydrates  and  consecjuently  reduces  yield  and  (juality. 
.Although  ade({uate  rainfall  is  essential,  excess  rain  has  been  feared  as  a 
result  of  severe  infestations  of  the  late  blight  disease  caused  by  Pijtoplithora 
infestans.  Tliis  is  tlie  same  disease  that  was  partially  responsible  for  the 
famines  in  Ireland  in  the  184()’s.  Potatoes  are  also  an  important  animal 
feed  in  Europe.  Because  of  their  bulk  they  have  never  become  important 
in  international  trade. 

In  the  United  States,  potato  production  is  concentrated  in  the  North 
(Idaho  and  Maine  are  the  highest  producers),  although  early-maturing 
varieties  are  widely  grown  as  fall  and  spring  crops  in  southern  latitudes. 
Even  though  acreage  has  sharply  decreased,  average  yields  more  than 
doubled  between  1940  and  1960.  As  a  result,  the  United  States  production 
has  stabilized,  although  per  capita  consumption  has  shown  a  steady  de- 

“  riir  luiincs  whilo  potato  ami  Irish  potato  arc  niifortwiiatc  ilioitas.  Solunnni  luhcru- 
siim  originated  in  South  America,  and  there  arc  also  yellow-fleshed  types. 
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crease  since'  the*  1900  s.  Hceently  tins  trc'nd 
large  part  to  the  use  of  processed  potato 
other  “snack-tN’pe”  foods. 


has  rcN'ersed.  This  is  due  in 
products,  mainly  chips  and 


Onions 


The  onion 
garlic,  and  chives) 

These  are  all  biennial 
ing  plants  of  the  Lily  family.  "Phe 
onion,  the  most  important  of  this 
group,  is  grown  in  all  temperate 
climates  (Fig.  13-7).  The  most 
important  onion  producing  coun¬ 
tries  are  the  United  States,  Japan, 
Romania,  Italy,  and  Turkey.  In 
the  United  States  the  crop  is 
widely  grown,  with  California, 
Xew  York,  Te.xas,  and  Michigan 
being  the  chief  producing  states. 
Onions  recjuire  cool  temperatures 
during  early  growth  and  require 
long  days  and  high  temperatures 
for  bulb  formation.  Green  onions, 
or  scallions  (the  nonbulbous  stage 
cf  onion)  are  an  important  winter 
crop  in  the  southern  United  States. 

In  the  northern  states  onions  are 
commonly  planted  from  seed  in  the 


of  the  genus  Allium  (leek, 

vegetables. 


Fig.  13-7.  Ouio)is  arc  among  the  most 
ancient  of  vegetable  crops. 

[riiotograph  by  J.  C.  Allen  &  Son.] 


spring;  in  the  southern  states  plantings 
are  made  in  the  fall  or  wo’ntcr  from  seed,  seedlings,  or  onion  sets.  The  pro¬ 
duction  of  onion  sets,  w'hich  the  small  bulbs  produced  bv  crowding,  is  a 
specialized  industry  in  Michigan,  Illinois,  and  Wisconsin.  Fall  onions  are 
stored  for  sale  in  the  winter.  A  relatively  small  percentage  of  the  crop  is 
processed  as  flavorings  for  use  in  other  products. 


and  the  other  pungent  species 

Lire  among  the  most  ancient  of  culti\ated 
bulb-form- 


Cvucifers 

The  important  vegetables  of  the  family  Crucifcrac  include  cabbage,  cau¬ 
liflower,  broccoli,  brussel  sprouts,  kohlrabi,  Chinese  cabbage,  kale,  collards, 
and  mustard.  These  are  all  species  of  the  genus  Bras.sica,  and  are  known 
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c()lU'cti\’(‘ly  as  eole  er()j)s.  4’lic  radish  {l\(iph(nuis  saliva)  is  a  Cniciter,  l)ut 
it  belongs  to  a  dilFcrt'nt  genus.  4'lie  eole  crops  are  cool-season,  hardy 
plants.  Except  for  cauliHower  and  broccoli,  which  are  annuals,  they  are 
biennials,  recpiiring  a  cold  treatment  to  flower. 

The  cole  crops  are  grown  widelv'  in  Europe,  where  they  constitute  tlie 
major  “green  vegetables.  In  the  United  States,  cabbage  is  the  most  im¬ 
portant  cole  crop,  and,  in  tlie  past,  was  a  common  winter  vegetable,  since 
it  is  easily  stored.  The  production  of  cabbage  has  sharply  declined,  how- 
e\’er,  reflecting  a  general  consumer  shift  to  other  vegetables.  About  10% 
of  the  present  acreage  is  grown  for  the  production  of  sauerkraut.  Tlie 
production  of  broccoli,  although  minor  as  compared  to  cabbage,  has  in¬ 
creased  in  importance,  and  has  become  increasingly  popular  as  a  frozen 
vegetable. 

The  cole  crops  are  usually  set  as  transplants.  In  the  north,  thev  are  set 
out  in  the  spring;  in  the  warmer  climate  of  the  south,  they  are  planted 
in  the  fall  or  winter.  Insect  control  is  particularly  important.  In  general, 
soils  with  a  /;II  abo\'e  7  are  used  to  control  clubroot,  a  serious  root  disease 
caus€*d  bv  Plasmodium  hrassica.  However,  resistant  \arieties  are  becoming 
commercially  available. 


E(lil)Ie  Leg^umes 

The  edible  legumes,  or  pidse  crops,  include  many  genera  of  the  l.e- 
^uminosae.  These  crops  represent  important  sources  of  protein  and  are 
especially  important  in  Asia  and  South  America,  where  they  constitute  a 
key  part  of  the  diet.  In  the  United  States  the  most  important  of  the 
edible  letiumes  are  the  common  bean  and  pea.  (Soybeans,  although  edible 
as  a  vegetable,  are  grown  in  the  United  States  as  an  oil  crop.) 

The  common  bean  (PJiaseoIus  vulgaris)  is  a  warm-season  annual  that 
is  (juite  .sensitive  to  frost.  This  .species  and  the  lima  (or  butter)  bean  (P. 
hinafus)  are  both  native  to  South  .America,  although  they  are  now  ex- 
tensi\ely  grown  over  the  world.  The  bean  is  edible  in  \’ariou.s  stages  of 
growth,  but  various  \arieties  are  now  grown  for  each  t\pe.  The  edible 
podded  hpes  are  called  snap,  or  stringless,  beans  (formerly  string  beans!) 
and  may  be  either  the  climbing  (“pole  beams”)  or  bush  type,  beans  are  also 
msed  in  the  green  or  the  dry-seeded  stage.  Dried  beans  are  a  substantially 
larger  crop  than  “snap  beans”  and  account  for  about  ten  times  the  acreage'. 
\  ariou.s  tN-pes  of  dried  beans  are  grown  in  the  United  States,  among  which 
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arc*  tlic*  na\’\'  (or  pt’ii  l)C*aii),  red  kidnc’V',  pinto,  J^ieat 
and  vellow 


norlliorn,  marrow, 


Tlie  garden  pea,  in  eonlrast  to  the  common  bean,  is  native  to  Asia  and 
is  a  eool  season  crop.  It  is  used  in  the  green  or  dry-seeded  stage  althongli 
there  are  \'arieties  that  are  edilile  in  the  podded  stage.  Almost  the  entire 
commercial  green  pea  crop  is  now  produced  for  processing.  At  piesent, 
peas  are  one  of  the  most  popular  frozen  vegetables,  but  the  ])nlk  of  the 
crop  is  still  canned.  The  important  producing  areas  are  the  northern 
states  of  Wisconsin,  Washington,  Minnesota,  and  Oregon.  Dried  peas,  al¬ 
most  as  larg(‘  a  crop  as  green  peas,  are  produced  mainly  in  Washington 
and  Oregon. 


Cucurbits 

The  cucurbits,  or  vine  crops,  include  the  cucumber,  muskmelon,  water¬ 
melon,  pumpkin,  stjuash,  and  the  chayote.  They  are  all  warm  season  crops 
and  are  v'erv  susceptible  to  cold  injury. 

The  cucumber,  probablv  native  to  Asia,  has  been  in  cultivation  for 
thousands  of  years.  In  Europe  it  is  an  important  greenhouse  crop;  the 
extremely  large  fruits,  growm  in  the  absence  of  pollinating  insects,  develop 
without  seeds.  In  the  United  States  the  majoritv  of  the  acreage  is  devoted 
to  the  production  of  pickling  cucumbers.  The  crop  is  widelv  planted; 
Michigan  and  Wisconsin  are  the  leading  producing  states.  Mechanical  har¬ 
vesting  machines  have  recently  been  dev'eloped,  but  these  are  onlv  partb' 
successful. 

Muskmelons,  nativ'e  to  Iran,  are  a  relatively  recent  crop  in  the  United 
States.  (The  term  cantaloupe,  although  widelv  used  in  the  United  States, 
is  a  misnomer.)  California,  Texas,  and  Arizona  are  the  chief  producing 
states.  There  are  many  types  of  melons  in  addition  to  the  netted,  musky 
type.  3  he  most  important  of  these  is  the  late-ripening  winter  melon,  of 
which  the  most  common  variety  is  the  Honey  Dew,  a  white-skinned,  large- 
fruited  tvpe. 

Watermelons  make  up  the  bulk  of  the  United  States  acreage.  Althougli 
watei  melons  are  native  to  Africa,  thev  have  achieved  their  greatest  popu- 
ku itv  in  the  Unitt'd  States.  The  bulk  of  the  planting  is  in  the  southern 
states,  although  there  are  important  areas  as  far  north  as  Iowa.  The  types 
iang(  f  1  om  huge  .30-11^  fiuits  to  small  I’oimd  icebox  tvpes  weighing  be¬ 
tween  .5  and  10  11)  (Fig.  13-8).  There  are  also  yellow-fleshed  tvpes.  but 
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the  reel  is  the  most  popular.  The  set'dless  watermelon,  a  triploicl  fruit 
first  ereated  in  Japan  in  the  194()’s  from  erossing  tetraploids  and  diploids, 
has  heeome  (piite  importimt  in  Japan,  where  it  accounts  for  about  one- 
tliird  of  the  watermelon  acreage.  The  seedless  watermelon  is  still  just  a 
novelty  in  the  United  States. 

Pumpkins  and  sepiash  are  native  to  the  New'  World.  The  distinction  be¬ 
tween  pumpkin  and  s(juash  is  a 
loose  one.  Some  would  use  the 
word  pumpkin  only  for  species  of 
Ciicurbitti  pepo,  referring  to  C. 
maxima  and  C.  masciiata  as  s(|uash. 
Howexer,  the  fast-growing  txpes 
of  C.  pepo  are  commonlv  called 
summer  s((uash.  It  would  seem 
that  the  orange,  large-fruited, 
smooth  txpes  will  continue  to  be 
called  pumpkins  regardless  of 
species.  S([uash  represents  an  important  food  crop  in  South  America, 
ranking  next  to  maize  and  beans.  The  flowers,  flesh,  and  seeds  mav  he 
eaten.  The  chavote  (Scebium  edule),  practically  unknown  in  the  United 
States,  is  an  important  South  American  plant.  It  is  customarily  trained 
on  trellises. 


Fig.  13-8.  Various  paiterns  and  shapes 
of  the  watermelon. 

[C'oiutesy  E.  C.  Stevenson.] 


Siceet  Corn 

Sw'eet  corn,  a  sugarv-seeded  tvpe  of  maize  native  to  South  America,  has 
onlv  been  popular  since  the  last  century.  .Although  maize  is  a  well-known 
crop  in  many  parts  of  the  world,  the  popidarity  of  sweet  corn  is  confined 
to  the  United  States. 

Sweet  corn  is  a  warm-season  crop,  but  is  produced  mainly  in  the 
Northern  States.  This  is  becau.se  of  the  short  period  at  which  (juality  can 
be  maintained  in  e.xtremelv  hot  weather.  .About  two-thiids  of  the  acieagc 
is  grown  for  processing  chiefly  in  Wisconsin,  Minnesota,  and  Illinois,  but 
sizable  acreage  for  fresh-market  production  has  built  up  in  Floiida  and 

Texas. 

The  transitorv  nature  of  (juality  in  sweet  corn  is  due  to  the  rapid  con¬ 
version  of  sugar  to  starch.  Experimental  combinations  of  other  genes, 
in  addition  to  the  common  sugary  factor  (su),  produce  not  only  a  higher 
sugar  content  but  a  less  rapid  conversion  to  starch.  These  types  will  no 
doubt  ext('nd  commercial  sweet  corn  production  to  areas  of  hotter  climates. 


Ornaiiicntal  Production 
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Altliougli  flowering  bulbs  and  flower  seed  represent  an  important  com¬ 
ponent  of  agricultural  production  for  the  low  countries  of  Europe,  and 
for  the  Netherlands  in  particular,  ornamentals  are  relatively  insignificant 
in  world  trade.  As  a  result,  world  statistics  for  most  of  these  crops  are 
unavailable.  In  the  United  States,  rather  complete  statistics  on  ornamental 
horticulture  have  been  obtained  by  special  censuses  taken  m  connection 
with  the  1890,  1930,  1950,  and  1960  Censuses  of  Agriculture.  In  1960  the 
value  of  ornamentals  amounted  to  almost  a  (juarter  billion  dollars. 


Flowers 

The  largest  part  of  the  florist  industry  in  the  United  States  is  based  on 
cut  flower  production,  of  which  chrysanthemums,  roses,  carnations,  gladi¬ 
olus,  orchids,  and  snapdragons  account  for  85%  of  the  wholesale  \’alue. 
The  cut  flower  industry  is  based  on  artificial  control  of  the  emironment. 
This  involves  structures  incorporating  glass,  plastic,  lath,  or  shade  cloth, 
as  well  as  artificial  heating  and  cooling.  Recent  technological  advances  in 
the  industrv,  such  as  injection  fertility,  evaporative  cooling  (mist,  fan, 
and  pad),  plastics,  and  organic  pesticides  have  increased  the  complexity 
of  the  business  and  favored  the  highly  specialized  organizations.  The  busi¬ 
ness  is  highly  competitive,  and  with  the  increased  erosion  of  the  profit 
margins  onlv  the  larger  organizations  can  survive  economically. 

In  spite  of  the  immobility  of  individual  organizations,  there  is  a  decided 
tendency  toward  movement  away  from  Eastern  urban  areas  of  high  taxes 
and  labor  costs  to  locations  having  low^r  tax  rates  and  a  rural  labor  po(fl, 
as  well  as  a  more  favorable  climate  (milder  temperatures  and  greater 
sunlight).  .\s  a  result,  the  florist  industry  is  moxing  west  and  south.  The 
development  of  air  freight  has  emphasized  interregional  competition. 
Flowers  can  be  shipped  great  distances  bv  air  and  arrixe  in  fresh  con¬ 
dition  to  compete  xvith  locally  groxvn  products.  This  has  eliminated  manv 
of  the  smaller  Midxxestern  and  Eastern  producers. 


Cflirysantlicimini 

The  chrvsanthemum,  long  cultixated  in  Asia,  has  become  tbe  lamest  cut 
floxver  crop  in  the  United  States.  It  is  considered  a  “xxarm  temperature” 
crop  and  perlorms  best  at  about  65^"!".  The  great  number  of  varieties  is 
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(1 

Tlie  main  stimulus  to  cluvsauthemiim  production  lias  been  the  ability  to 
produce  continual  flowering  by  the  manipulation  of  photoperiod.  The  plant 
IS  a  perennial  and  will  bloom  perpetually,  but  is  grown  as  an  annual  crop. 
Chrysantbemums  are  grown  under  glass  in  the  northern  and  midwestern 
states,  undei  plastic  in  California  (the  center  of  production),  and  under 
cloth  in  Florida. 

Hose 

Roses  have  long  been  one  of  the  major  cut  flower  crops.  The  industry 
is  largely  based  on  the  hybrid  tea,  a  perpetually  blooming,  long-stemmed 
rose  whose  pedigree  incorporates  many  species  of  Rosa.  In  greenhouse  cul¬ 
ture,  the  plants  are  budded  or  grafted  onto  Rosa  Manetti,  a  vigorous  root- 
stock.  Under  proper  management  the  plants  bloom  continuously,  although 
the  intensity  of  production  is  affected  by  temperature  and  fertility.  Pro¬ 
duction  can  be  manipulated  by  pruning  (referred  to  as  pinching)  and 
temperature  control  to  take  adxantage  of  favorable  marketing  periods. 
4  he  plants  are  usually  kept  from  4  to  7  years,  depending  on  their  vigor. 

The  ideal  growing  temperature  is  60° F.  Commercial  rose  growing  has 
been  restricted  to  areas  north  of  Lexington,  Kentuckv,  but  some  establish¬ 
ments  are  found  in  the  higher  altitudes  of  North  Carolina.  Evaporative 
cooling  is  being  utilized  to  reduce  daytime  temperatures  farther  south, 
but,  in  general,  areas  that  have  night  temperatures  above  65°F  for  ex¬ 
tensive  periods  of  the  year  are  not  suitable  for  roses.  Most  of  the  rose 
production  is  carried  out  under  glass,  although  there  is  a  trend  toward 
semipermanent  construction  utilizing  lath  and  plastic,  as  in  the  San  P'ran- 
cisco  area. 

The  high  capitalization  for  rose  culture  has  generally  limited  production 
to  establishments  not  .smaller  than  1(),()()0  ft'-.  The  importance  of  novelties, 
as  well  as  the  better  keeping  qualities  in  the  hybrid  teas,  has  made  hy¬ 
bridization  an  important  part  of  many  rose  growing  establishments.  The 
most  widelv'  grown  forcing  varietv,  however,  is  “Better  Times”  orginated 
in  1931  by  Hills  Brothers  Nursery  of  Richmond,  Indiana. 

CJarnation 

(iarnations  recjuire  cool  temperatures  (48-5()°F)  and  high  light  int('nsities 
for  maximum  (pialitv'  [)roduction.  The  cut  flower  industry  is  basi'd  on 
perpetual  flow'ering  tvpes,  and  production  proceeds  the  year  round.  Blant- 


sually  classified  into  two  tvpes:  standards,  or  large-flowert‘d  tvpes,  and 
ompons,  or  sprays.  Pompons,  small-flowered  types,  may  be  globular  or 
aisy-like,  and  are  largelv  used  as  fillers  in  floral  arramrpmpnf^; 
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ings  art*  estal)lislit*tl  from  cuttings  i 
Production  of  carnations  is  greatest 


k1  are  maintained  from  J  to  2  years, 
in  California  and  Colorado,  altliougli 


a  sizable  industry  e.xists  in  Massa¬ 
chusetts.  The  production  of  carna¬ 
tions  has  shown  a  spectacular  in¬ 
crease  from  1950  to  1960,  mainly 
as  a  result  of  e.xpansion  in  the  west¬ 
ern  states. 

.-Mthough  there  are  many  carna¬ 
tion  \arieties  in  production  today 
the  Red  Sim  and  White  Sim  \'arie- 
ties  are  the  most  popular  ( Fig. 
13-9).  These  xarieties  and  their 
sports  are  characterized  bv  \'igorous 
growth,  heavy  production,  and 
long  stems.  Their  chief  disadvan¬ 
tage  is  a  tendency  towards  calyx 
splitting,  a  disorder  not  well  under¬ 
stood  but  felt  to  be  accentuated  bv 
large  differences  between  night  and 
dav  temperatures.  Recently,  arti¬ 
ficial  dyeing  of  carnations  has  be¬ 
come  popular.  The  dye  is  taken 


Fig.  13-9.  The  White  Situ  carnation  is  a 
perichnal  {hand-in-glove)  ehimeral  sport 
of  the  Red  Sim.  The  internal  tissues  carry 
genetic  factors  for  red  color.  The  White 
Sim  carnation  can  he  identified  by  flecks 
of  red  tissue  in  the  flower. 

[Ph()tc)grai)li  l)y  J.  C.  .Xllen  &  Son.] 


up  from  the  cut  end  of  the  stem 

and  is  absorbed  into  the  veins  of  the  petals.  This  permits  a  wide  variet\’ 
of  pastel  shades  to  be  achieved  while  only  the  white-flowered  varieties  need 
be  grown. 


Orchid 

Orchid  culture  is  a  specialized  part  of  the  greenhouse  industry.  The  main 
type  is  the  showy  Cattleya  (Fig.  13-10),  but  Cymhidiunis  are  becoming 
increasingly  popular.  Orebids  are  a  warm-season  crop  with  optimum  growth 
at  6.5-7()°F.  Shade  is  necessary  during  the  summer,  but  must  be  remoN  ed  to 
maintain  adecjuate  light  intensity  during  the  winter.  The  plants  are  com¬ 
monly  propagated  by  cuttings.  Orchids  are  an  aerophvte,  and  obtain  nu¬ 
trients  from  decomposing  organic  matter.  They  are  grown  either  in  osniunda 
fiber  or  in  shredded  white  fir  bark.  Since  repotting,  one  of  the  costliest  items 
of  culture,  is  difficult  with  osmunda,  shredded  bark  is  more  widely  used  bv 
commercial  growers.  The  plants  bloom  once  a  year.  The  harvested  flowers 
are  usually  placed  in  tubes  of  water  and  are  relatively  long  lasting. 
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Hrcocling  is  an  important  part  of  orchid  cnltnrc,  tor  new  varieties  inav 
l)eeome  (piite  profitable.  Tlie  long  and  exacting  teclmicjiies  involved  in  grow¬ 
ing  plants  from  seed  have  encour¬ 
aged  specialized  enterprises  that 
grow  seedlings  on  a  commission 
basis.  Snccessfnl  breeding  meth¬ 
ods  involve  hybridization  of  di¬ 
ploid  and  tetraploid  tvpes,  since 
triploid  orchids  have  proven  to  be 
extremely  vigorous. 

Snapdragon 

Snapdragons,  although  perennial, 
are  grown  as  annuals  and  are 
planted  from  seed.  In  the  past, 
snapdragons  have  been  grown  only 
under  relatively  cool  temperatures, 
but  selection  for  xarieties  that  per¬ 
form  well  under  hot  temperatures 
has  created  a  year-round  program  for  this  crop.  In  the  Midwest,  snap¬ 
dragons  appear  to  fit  into  a  profitable  rotation  with  greenhouse  forcing 
tomatoes.  Snapdragons  tolerate  low  light  if  temperatures  are  cool,  and 
can  be  grown  during  the  winter,  when  conditions  are  unfavorable  for  to¬ 
matoes. 

.\t  present,  practically  the  entire  collection  of  commercial  varieties  con¬ 
sists  of  F,  hybrids,  which  have  uniformity  and  vigor.  .Artificially  created 
tetraploid  varieties  have  achieved  some  success  due  to  their  larger  flower 
size. 


Fig.  13-10.  The  cattlcya  orchid. 

[Photograph  hy  J.  C.  Allen  &  Son.] 


Gladiolus 

Gladiolus  have  practically  disappeared  as  a  greenhouse  forcing  crop.  .At 
present,  almost  all  of  them  are  produced  in  outdoor  culture  with  the  main 
production  in  Florida,  California,  and  North  Carolina.  .A  great  variety  of 
colors  and  types  exists  (Fig.  13-11 ).  Owing  to  the  nature  of  the  plant,  bulb 
and  flower  production  are  part  of  the  same  business. 


Xiir.scnj  Crops 


\  jiursery  refers  bro 
manent  planting.  The 


adly  to  the  estalflishment  of  young  plants  before  per- 

nurserv  industrv  involves  the  production  and  distii- 
* 
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l)iiti()n  of  wooch'  and  liorhaccons  poronnial  plants,  and  is  otton  oxpanck'd  to 
include  hnlhs,  conns,  and  licrhaccons  annuals  (bedding  |)lants).  1  be  pro¬ 
duction  of  cuttings  to  be  grown  in  grc'enlionses  or  for  indoor  use  (foliage 
plants),  as  well  as  the  production 
of  bedding  plants,  is  nsnally  con¬ 
sidered  a  part  of  the  florist  indus¬ 
try,  but  this  distinction  is  fading. 

Ornamental  plants  represent  the 
most  important  nnrserv  crop;  next 
in  importance  are  fruit  plants  and 
bulb  crops.  Tlie  most  important 
single  plant  grown  for  outdoor  cul¬ 
ture  is  the  rose.  The  types  of  nurs¬ 
ery  plants  grown  depend  on  loca¬ 
tion.  In  general,  the  northern  areas 
provide  deciduous  and  coniferous 
evergreens  (Fig.  1.3-12),  whereas 
the  southern  nurseries  proxide 
tender,  broadleaf  evergreens. 

The  nursery  industry  in  tlie 
United  States  may  be  divided  into 
wholesale,  retail,  and  mail-order 
enterprises,  although  there  mav 
be  some  overlapping.  The  t\’pical 
wholesale  nursery  specializes  in  relatively  few  crops,  and  supplies  only 
retail  nurseries  or  florists.  The  wholesale  nursery  deals  largely  in  plant  prop¬ 
agation.  They  sell  young  “lining  out”  stock  of  woody  material  to  the  retail 
nursery,  which  performs  two  basic  functions:  care  of  the  plant  until  growth 
is  complete,  and  resale  to  the  public.  Often,  but  not  always,  the  retail  nurs¬ 
ery  provides  planting  and  maintenance  service.  Many  nurseries  also  execute 
the  design  of  the  planting  in  addition  to  furnishing  the  plants.  This  is  analo¬ 
gous  to  the  provision  by  some  lumb(‘r  yards  of  architectural  services.  This 
area  is  a  complex  one,  since  some  states  license  landscape  architects  as 
members  of  a  distinct  profession. 

Mail-order  nursery  companies  usually  grow  only  a  small  proportion  ot 

their  catalogue  listings,  and  subcontract  the  rest  from  wholesale  houses 

Although  some  of  the  largest  and  most  reputable  businesses  in  the  country 

real  only  m  mail  orders,  this  business  very  often  attracts  the  fly-by-nicht 
operator.  '  •  ^ 


Fig.  13-11.  All-America  ^ladiolafi  sclec- 
lions.  (Left  to  rioht)  Thuuderhird,  Hori¬ 
zon,  Ben-Hur. 
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Fig.  13-12.  A  field  of  container-grown  evergreens. 

[Courtfsy  I).  Hill  Nursery  Co.,  Duiulee,  Illinois.] 


Seed  Prod  net  ion 

Seed  production  is  a  relatix  ely  small  but  e.ssential  part  of  the  horticultural 
iudustrv.  The  seed  business  invohes  not  only  a  great  many  crops  hut  lit¬ 
erally  thousands  of  varieties  and  hybrids.  It  involves  not  only  plant  growing 
hut  the  manufacturing  and  processing  (milling,  cleaning,  packaging,  and 
storing)  iinolved  in  seed  production. 

The  principal  world  areas  of  horticultural  seed  production  are  the  north¬ 
ern  and  low'  countries  of  Europe  (Holland,  Dimmark,  England),  Japan  and 
the  United  States.  In  the  United  States,  although  seed  houses  are  located 
in  all  regions,  the  most  important  seed  producing  area  is  located  in  the 
western  states.  California  produces  practically  all  of  the  Hower  seeds,  hut 
a  good  share  of  the  vegetahk*  seed,  especially  of  larg('-se(‘ded  crops  such  as 
beans,  peas,  and  corn,  is  produced  in  Idaho.  The  actual  growing  of  plants 
is  often  contracted  out  to  growers,  although  large  seed  houses  may  product* 
some  of  their  ow-n  specialties  tlirectly.  There  are  also  a  number  of  specialt)' 
growers  whose  production  is  confint'd  to  a  few  crops,  such  as  pansies  or 

sweet  corn. 

The  seed  business  itself  is  di\ided  into  wholesale,  retail,  and  mail-ordt'i 
houst's.  To  the  majority  of  the  American  public,  the  commission  packages 
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are  the  most  familiar  wares  of  tlie  seed  industry,  fmt  tliese  represent  only  a 
small  percentage  of  seed  sales. 

I'here  is  an  ol)\  ions  relationship  between  seed  grow  ing  and  seed  improve¬ 
ment.  The  progressive  seed  houses  have  initiated  the  breeding  of  many 
crops,  especiallv  flowers.  The  Department  of  Agriculture  and  State  Agri¬ 
cultural  Experiment  Stations  have  also  supported  much  of  the  breeding 
jnograms,  and,  as  a  result,  manv  experiment  stations  have  sponsored  seed 
associations.  At  present,  horticultural  crops  represent  only  a  minor  portion 
of  this  business. 
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Esthetics  of  Horticulture 


ESTHETIC  VALUES 

In  addition  to  their  utility,  plants  have  esthetic  value.  Ow  ing  to  particular 
(jualities  we  call  beautv,  certain  plants  provide  pleasure  to  man.  Beaut\  is 
not  a  tangible  (quality  that  can  he  measured  or  weighed  hut  is  a  value  judg¬ 
ment  nnicpie  to  man.  A  thing  is  beautiful  when  someone  decides  that  it  is. 
The  artist  is  one  who  can  make  this  judgment  and  communicate  the  expe¬ 
rience.  This  judgment  is  a  reflection  of  man  s  cultural  tradition.  People  of 
widely  different  heritage  will  have  (piite  different  opinions  as  to  what  is 
beautifid  and  what  is  ugly. 

The  concept  of  beauty  depends  upon  our  re.sponse  to  a  \isible  sensation. 
Although  a  certain  amount  of  our  perception  is  innate,  many  peiceptual 
responses  are  learned.  To  a  great  extent  we  are  aware  only  of  what  we  are 
able  to  interpret.  For  example,  upon  hearing  a  foreign  language  we  do  not 
actually  perceive  most  of  the  nuances  of  sound  and  inflection  until  w'e  have 
learned  to  imitate  them;  yet  e\'en  a  newborn  baby  is  aware  of  a  sudden  knid 
noise  and  can  distinguish  between  gentle  and  disapproving  tones  of  Noice. 
Similarly,  the  botanist  learns  to  discern  small  differences  in  plants  that  may 
be  all  but  invisible  to  the  layman.  So  it  is  with  beauty;  we  must  learn  to 

recognize  it.  ,  ■  \  ^ 

W'itli  reference-  (i)  tlie  enneepi  of  beaut)',  it  is  dilficnlt  to  rleter.nine  «  liat 

part  llie  itinate  psrelinlogical  stiiniilation  plays  in  tlie  learned  response.  If 
anv  generalization’ can  be  made  it  is  that  «e  tend  to  enjoy  the  toll  e.xercse 
nf  ’onr  perceptise  faeilities.  Cinnsidcr,  for  instance,  the  nnirersal  preferences 
for  color,  depth,  and  contrast  for  onr  s  isnal  experiences.  Ne\  ertheh-ss,  the 
eonceiit  of  beantv  is  basictillv  a  learned  response.  This  exphnns  the  midci- 
K'ing  ennsers  atis.'n  coner-rning  beanty.  We  prefer  xvhat  scr-  arc  nserl  to.  amt 
t’,-nci  t<,  reject  the  completr-l\  strange  and  ness,  let  nc  learn  to  enjn)  snia  , 
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suhtlc  (liffeixMict's  and  we  can  he  “trained”  to  expect  tliem,  as  the  antoinolnle 
inannfactnrers  and  flo\V('r  hreecU'is  luue  disc()\er('d. 

If  we  aeeept  a  r('lati\(‘  concept  of  ]>eanty  then  it  is  apparent  tliat  \\’e 
eannot  arhitrarilv  define  it.  We  cannot  say  a))solntely  wlu'ther  a  particular 
ol)ject,  or  arrangement  of  objects,  is  heautifni  or  not.  We  must  sn.spend  judg¬ 
ment  until  we  have  considered  the  object  in  relation  to  man.  Snakes,  spideis, 
and  worms  are  considered  ugly  by  many  people,  hut  are  considered  beauti¬ 
ful  by  others.  It  is  no  coincidence  that  these  are  feared  objects  in  our  culture 
and  that  a  certain  fear  of  them  is  passed  down  by  each  generation.  1  hus, 
our  concept  of  beautv  is  strongly  affected  by  our  emotional  feelings  and  Iw 
our  cultural  attitudes  toward  the  object.  This  is  to  say  that  the  standards  of 
one  culture  cannot  in  time  be  applied  in  all  cases  to  another,  for  our  method 
of  exaluation — our  yardstick — has  been  molded  within  a  particular  cultiua* 
itself.  Cenerallv,  the  things  that  have  been  accepted  as  beautiful  for  long 
periods  of  time,  and  which  are  more  or  less  universally  admired,  have  a  basic 
simplicity  and  harmony  of  form  and  function.  In  conclusion,  our  concept 
of  beautv  is  made  up  of  two  parts:  (1)  a  visual,  or  sense,  stimulation  and 
( 2 )  a  personal,  cultured  response  to  this  stimulation. 

Most  plants  have  an  inherent  capacity  to  visually  stimulate.  Their  most 
obvious  feature  is  their  coloring;  not  only  the  brilliant  hues  of  flowers,  fruits, 
and  in  some  plants,  leaves,  but  the  muted  tones  of  stem  and  bark.  Green,  of 
course,  is  the  most  common  color,  and  it  is  probably  more  than  coincidental 
that  it  is  psychologically  the  most  restful.  The  stimulation  of  plant  color  is 
enhanced  by  contrast  and  texture. 

Also  significant  with  respect  to  visual  effects  are  the  plant’s  structure  and 
shape;  that  is,  its  form.  Form  can  be  seen  not  onlv  in  the  plant  as  a  whole 
but  in  its  parts  as  well.  The  forms  of  plants  are  infiniteU^  varied.  But  the 
same  could  be  said  of  random  stones,  which  are  considerably  less  interesting. 
The  perpetual  interest  in  plants  is  a  result  of  their  ordered  arrangements  of 
parts,  which  invoKes  .symmetry,  the  repetition  of  parts  on  either  side  of  an 
axis. 

Symmetr\  can  make  any  random  shape  an  orderlv  one.  The  psychological 
satisfaction  experienced  in  viewing  symmetrical  objects  is  probably  due  to 
theii  inheient  oidei.  Man  e.xhibits  a  universal  awareness  of  svmmetry,  which 
is  not  strange  considering  its  common  occurrence  in  biological  forms  ( Fig. 
14-1).  Although  all  plants  show  some  types  of  svmmetrv,  the  growth  of 
many  plants  produces  asymmetrical  patterns.  It  is  this  de\iation  from  sym¬ 
metry  that  makes  for  visual  interest.  1  he  basis  of  contemporary  design  is  to 
achieve  balance  and  harmony  w  ithout  the  monotonv  of  perfect  symmetrv. 

With  the  possible  exception  of  the  Eskimo,  man  has  developed  in  a  plant 
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oritMitatecl  cMuironnKMit.  Plants  pi()\itle  food  for  man  and  for  his  animals, 
Hhor,  shelter,  and  shade.  Man’s  dependenee  npon  plants  has  infliumeed  and 
molded  his  esthetie  eonsideration  of  them.  Man  needs  plants,  and  no  donhl 

plants  ha\e  been  enltnrallv  ae- 
eepted  as  heaiitifnl  parti v'  because 
they  are  nsefnl.  In  onr  present 
American  cnltnre,  in  which  onlv  a 
relatixel)’  few  people  are  direetlv 
involved  with  the  growing  of  plants 
(although  we  still  all  depend  on 
them),  all  of  ns  have  traditional 
attachments  to  plant  material. 
Ilorticnltnre  has  a  place  in  all  onr 
lives. 


DESIGN 

Design  refers  to  the  manner  in 
which  objects  are  artificially  ar¬ 
ranged  in  order  to  achieve  a  particnlar  objective.  Usually,  but  not  always, 
this  objective  involves  both  a  functional  and  a  visibly  pleasing  arrangement. 
Designs  are  evaluated  esthetically  with  regard  to  their  elements  of  color, 
texture,  form,  and  line  by  long-established,  man-made  value  judgments 
called  (lesion  principles:  halanee,  rhijthm,  emphasis,  and  harmonij.  The  im¬ 
portance  attributed  to  each  of  these  will  vary  with  the  objective  of  the  de¬ 
sign.  When  a  design  is  successful  it  is  usually  considered  appropriate,  func¬ 
tional,  and  beautiful. 


Fig.  14-1.  Sipninetrij  in  the  rose. 

[Photograph  hy  I.  C.  .Vilen  &  Son.] 


Elements  of  Desifi^n 

Tbe  design  elements  are  visible  features  of  all  objects. 

Color  is  the  visual  sensation  produced  by  different  wavelengths  of  light. 
Color  may  be  described  in  terms  of  its  hue  (red,  blue,  yellow),  value  (light 
versus  dark),  and  intensity  (or  chroma),  the  saturation  or  brilliance. 

Texture  in  design  refers  to  the  visual  effect  of  tactile  surface  (piality. 
Consider,  for  instance,  the  visual  difference  between  burlap  and  silk  oi 
between  the  surface  of  a  pineapple  and  a  rose  petal. 

Eorm  refers  to  the  shape  and  structure  of  a  three-dimensional  obj('ct 
(sphere,  cube,  pvramid).  However,  when  we  view  the.se  forms  in  a  plane. 
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tlioy  iiiiiv  iippt^iir  t\\'()-climt*nsi()ncil  (us  u  circle,  u  scpiuie,  uiicl  u  tiiunglc,  ic- 
spectiN’cly).  In  design  wc  are  concerned  not  only  with  the  form  of  the  indi- 
\  idnal  objects  hut  with  the  larger  forms  made  up  by  their  arrangement. 

Line  delimits  shape  and  struc¬ 
ture.  1'he  concept  of  line  in  design 
iiu’olves  the  means  by  which  form 
guides  the  eye.  Line  becomes  a 
one-dimensional  interpretation  of 
form.  Emotional  significance  has 
been  attributed  to  line,  as  shown 
in  Fig.  14-2. 


Rcpoie 


ConfuJiOKi 


Order 


Principles  of  Design 

The  principles  of  design  (bal¬ 
ance,  rlnjthm,  emphasis,  and  luir- 
monij )  apply  to  each  of  the  design 
elements  as  well  as  to  their  interre¬ 
lationships.  Thus,  we  speak  of  bal¬ 
anced  color  as  well  as  of  balanced 
form.  The  artistic  application  of 
these  principles  is  the  basis  of  es¬ 
thetic  success,  as  measured  bv 
beauty  and  expressiveness. 

Balance  implies  stability.  Our 
e\'e  becomes  aecustomed  to  ma¬ 
terial  balance,  and  as  a  result  we 
become  unea.sy  about  objects  that 
appear  unstable  or  ready  to  topple 
oxer.  4'his  concept  is  carried  over 
to  arrangements  in  which  balance 
refers  to  the  illusion  of  ecjuilibrium 
around  a  x^ertical  axis.  Balance  is 
achieved  automatieally  by  the  symmetrical  placement  of  objects  around  a 
central  \ertical  axis.  It  is  also  achieNed  in  nonsvmmetrical  arrangements 
(utilizing  the  lever  principle)  by  the  coordination  of  ma.ss,  distance,  and 
space  (kig.  14-.3).  It  should  be  emphasi/('d  that  in  d(\sign  we  are  concerued 
with  illusion  rather  than  with  actual  physical  balance. 

Bhytlnn,  in  the  auditory  seu.se,  refers  to  a  pulsating  beat.  Similarly,  rhx  thm 
in  the  visual  context  refers  to  the  pattern  of  “spatial”  beats  that  our  exe 
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Fig.  14-2.  Line  conveys  emotional  re¬ 
sponses. 
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follows  in  any  arrangement  of  objects.  Rhythm  leads  and  directs  the  eve 
through  the  design.  Rhythm  suggests  movement;  design  without  rhythm 
becomes  uninteresting.  Its  proper  use  makes  for  expression  and  excitement. 


Sy^vivvi  Ctrl  cal  balance 


Asyrnmctrical  balance 

Fig.  14-3.  Graphic  representations  of 
sipnnietrieal  and  asymmetrical  balance. 


Emphasis  in  design  serx  es  to  lead 
the  eye  and  focus  its  attention  on 
some  dominant  aspect  of  the  de¬ 
sign.  By  accenting  and  emphasiz¬ 
ing  various  elements  ( for  example, 
a  particular  form,  a  strong  hori¬ 
zontal  line,  or  a  brilliant  color)  the 
separate  parts  of  the  design  ean 
be  drawn  together.  Emphasis,  prop- 
erlv  made,  coordinates  the  design 
elements  and  creates  an  orderly 
and  simplified  arrangement. 

Ilarmony  refers  to  the  unit\’  and 
eompleteness  of  the  design.  This 
(pialitv  is  seldom  achieved  except 
bv  proper  planning  and  organiza¬ 
tion.  It  relies  principally  on  scale 
and  proportion,  the  pleasing  rela¬ 


tionship  of  size  and  shape.  The  separate  components  lose  their  identitx'  to 
become  part  of  an  idea,  the  basis  of  design. 


C;  ARDENS 

The  origin  of  the  garden  is  rooted  in  man’s  desire  to  surround  himself 
with  plants.  The  great  variety  of  plants  permits  man  to  .select,  in  addition 
to  the  useful,  the  esthetically  pleasing.  Their  pleasant  fragrance,  as  well  as 
their  beautv,  plaxs  a  role  in  this  .selection.  With  respect  to  plants  that  be¬ 
come  culturally  significant  as  fruit  trees,  it  is  often  difficult  to  separate  the 
purely  functional  from  the  esthetic. 

The  first  gardens  of  record  appear  in  the  ancient  cultures  of  Egxpt  and 
China.  It  was  in  these  cultures  that  the  two  opposing  traditions  in  gardens 
originated,  namely,  formalism  and  )iatnralism. 


I'orttuilistti  and  the  Western  Tradition 


'I'he 

where 


Kgvptian  gardens  (Fig.  14-4),  or 
tlu'  natural  vegetation  is  sparse. 


iginating  at  the  edge  of  the  de.serts, 
rc'presented  the  development  of  an 


Ckirdens 
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artificial  oasis.  Tlic  enclosed  garden  is  cool  and  leafy,  typified  by  water  and 
shade.  The  dry  climate  demands  irrigation,  which  results  in  small,  formal, 
orderly,  arranged  plantings.  'I'he  gardrm  became  mans  triumph,  as  it  \\eK, 
over  nature. 

The  EgN’ptian  garden,  copied  everywhere  though  changed  by  local  varia¬ 
tion  in  land,  plants,  and  climate, 
spread  to  Syria,  Persia,  and  India, 
and  ultimateK  to  Home.  It  ean  be 
traeed  through  the  remains  of 
EgN'ptian  paintings,  Persian  rugs, 
and  Homan  frescoes.  This  concept 
of  the  garden  as  a  separate  outdoor 
room  is  bv  no  means  outdated.  The 
tradition  has  remained  relati\ely 
unbroken  in  the  W’estern  world 
through  the  cloister  gardens  of 
the  Dark  Ages  and  the  courtyard 
Hardens  of  the  Arab  cultures  to  the 
presen t-dav  patio  gardens. 

DuriiiH  the  Henaissance,  the 
grand  period  of  the  \\’est’s  cultural 
revi\  al,  the  concept  of  the  garden 
was  transformed  from  relati\'e  in¬ 
significance  to  magnificent  splendor  befitting  the  age.  The  grounds  design 
became  the  important  concept,  whereas  the  plant  was  treated  rather  im¬ 
personally  as  merely  an  architectural  material.  The  plant  was  pruned, 
clipped,  and  trained  to  conform  to  the  plan.  Even  architecture  became  sub¬ 
servient  to  the  landscape  plan,  the  garden  engulfing  and  dominating  the 
statel)'  palaces.  The  resultant  “noble  symmetrv”  included  courtNards,  ter¬ 
races,  statuary,  staircases,  cascades,  and  fountains.  The  emphasis  was  on 
long,  symmetrical  \istas  and  promenades.  The  small,  enclosed  garden  re¬ 
mained,  but  only  within  the  walls  of  the  buildings,  as  a  component  part  of 
the  grand  plan.  P'ormalism  reached  its  peak  in  the  age  of  Louis  XIW  The 
master  architectural  gardens  of  .\ndre  Lenotre  still  remain  unsurpassed  ex¬ 
amples  of  this  concept  of  design  o\  er  nature. 


Fig.  14-4.  A  formal  Egyptian  garden 
containing  doum  j)alms,  date  palms,  aca¬ 
cias,  and  other  trees  and  shrubs.  A  statue 
is  being  towed  in  the  lotus  pool  toward 
a  pavilion  {from  the  tomb  at  Thebes, 
about  1450  b.c.). 

[From  Singer,  llistonj  of  Technolofiy,  Oxford  Univ. 
Press,  London,  vol.  1,  19.54.] 


Naturalism  and  the  East 


Naturalism  as 
li\e  with  nature 


a  concept  in  gardens  can  be  interpreted  as  an  attempt  to 
latluM  than  to  dominatf*  it.  4  he  desired  effect  is  the  appear- 
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ance  of  a  happy  accidcMit  of  nature,”  although  it  is  achieved  through  meth¬ 
ods  fully  as  artiBeial  as  those  of  formalism.  Although  the  s('j')aratiou  Ix'twc'cu 
garden  and  landscape  in  formalism  is  severe,  the  separation  in  naturalism  is 
\ague  and  indistinct.  The  landscape  blends  into  the  garden.  If  Formalism 
is  the  severe  lines  of  geometry.  Naturalism  is  the  free  cur\e. 

The  Naturalism  concept  has  been  traced  to  China  althonirh  it  has  also 
originated  independently  in  the  West.  In  the  Eastern  tradition  plants  ha\e 
symbolic  significance.  1  his  concept  is  carried  o\’er  to  the  arrangement  of 
plants  and  miniature  landscapes  and  to  the  de\elopment  of  the  whole  land¬ 
scape.  The  fusion  of  Eastern  Naturalism  and  Western  Formalism  took  place 
in  eighteenth  century  England,  where  the  influx  of  Chinese  culture  coincided 
xN'ith  an  internal  rexolt  against  formalism.  The  marriage  was  not  alwa\s 
a  happy  one.  The  English  gardens  became  interspersed  with  Chinese  pa¬ 
godas  amid  fake  anti([ue  Gothic  ruins.  This  brand  of  Naturalism  remains 
toda\-  in  our  use  of  cur\ed  walks,  artificial  wishing  wells,  and  herbaceous 
borders. 

The  trend  of  contemporar\’  gardens  is  to  develop  a  meaningful  design  for 
li\  ing.  Freed  from  the  confines  of  “naturalism”  or  “formalism,”  the  modernist 
strixes  to  reach  esthetic  expression  through  the  capacitv  for  abstraction. 
Plants  and  man,  as  in  the  past,  make  good  companions.  hax  e  turned  full 
circle  to  the  concept  of  the  “garden”  as  a  x  ital  need  in  our  societv  and  not 
mereK’  as  an  esthetic  mix. 


LANDSCAPE  ARCHITECTURE 

Landscape  architecture  in  its  broadest  sense  is  concerned  with  the  rela¬ 
tionship  between  man  and  the  landscape  and  as  such  is  concerned  with  all 
aspects  of  land  use  for  man.  The  profession  deals  with  site  development, 
building  arrangement,  pax  ing,  grading  plantings  and  gardens,  playgrounds, 
and  pools.  It  is  concerned  xvith  the  individual  home  and  the  xxhole  com- 
munitv,  xvith  parks  and  parkxvavs.  If  the  landscape  architect  first  must  he 
an  artist,  he  must  also  be  a  horticulturist  and  a  cixil  engineer.  .Although 
landscape  architecture  xvas  in  the  past  intimately  assoeiated  xxith  architec¬ 
ture,  they  haxe  become,  unfortunately  perhaps,  distinct  professions.  The 
objectives  of  the  landscape  architect  haxe  been  to  integrate,  functionally 
and  estheticallv,  man,  building,  and  site.  The  main  tools  at  his  disposal  are 
plants  and  space  (Fig.  L4-5). 


La  ad  sea  pc  Archil  eel  arc 
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Fig.  14-5.  The  landscape  archiicci  inlegralcs  planis,  siruclures, 
and  space  jar  use  hy  man. 

[Courtfsy  T.  1).  Cliurch.] 


riant  Materials  and  Design 

Altliovigli  tlie  materials  of  the  landscape  architect  also  include  stone, 
mortar,  and  wood,  the  main  ingredients  are  the  plants  of  the  horticulturist, 
who  propagates,  grows,  and  maintains  them.  Unlike  the  materials  of  the 
painter  or  sculptor,  plants  are  not  static,  hut  change  seasonally  and  with 
time.  The  design  is  in  li\ing  material;  the  composition  is  a  growing  one. 
These  plants,  along  with  the  structural  components  (paving,  walls,  and 
buildings),  form  the  elements  of  the  landscape  design.  Let  us  consider  plant 
material  in  relation  to  the  design  elements. 

Color 

The  changing  color  of  plant  material — foliage  and  bark  as  well  as  flower 
and  fruit — must  be  considered  through  the  seasons  in  relation  to  the  land¬ 
scape.  .Although  the  material  is  stationary,  the  patterns  and  color  contrasts 
are  transient.  Compare,  for  instance,  the  w  ay  birch  trees  appear  in  the  winter 
w  ith  the  way  they  appear  in  the  spring,  or  compare  the  spring  brilliance  of 
flowering  crab  apple  trees  with  their  scarlet  October  fruit.  The  horticultural 
palette  is  a  rich  one,  and  variety  is  available  for  manv  tastes  and  effects.  The 
delights  of  color  can  be  planned  by  the  allocation  of  space  for  herbaceous 
mateiial  (for  example,  bulbs,  annuals,  and  succulents).  1  lomt*  landscape 
jilanning  makes  room  for  gardens  to  pro\ide  cut  flowers  for  decoration 
within  the  home. 
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Texture 

Althougli  the  variation  in  textural  (juality  of  plants  is  large,  the  use  of 
plants  next  to  structural  forms  (brick,  stone,  wood)  achiev'es  striking  con¬ 
trast — for  example,  trees  in  front  of  brick;  grass  and  flagstones;  ground  co\’er 
against  paving;  or  flowering  stocks  within  stone  walls.  Deciduous  trees  and 
shrubs  offer  changing  textural  patterns  from  winter  to  summer. 

Form 

Plant  material  naturally  duplicates  most  of  the  common  forms  of  solid 
geometry  as  well  as  the  more  complicated  and  more  interesting  forms. 
C. round  co\ers  can  be  made  to  form  any  two-dimensional  pattern.  Forms 
can  be  created  by  massing  plants.  Care  must  be  taken,  however,  to  consider 
plants  in  terms  of  their  mature  forms. 

Line 

Line  is  created,  as  is  form,  by  the  arrangement.  The  dominant  vertical 
lines  are  created  with  trees;  the  horizontal  lines,  by  grading,  using  the 
ground  itself.  The  use  of  individual  “specimen”  plants,  hv  virtue  of  their  o\\  n 
interesting  “line,”  creates  focal  points — N'isual  interest  centers — within  the 
landscape  design. 


Functional  Use  of  Plant  Materials 

The  terrain  without  plants  is  not  a  fit  place  for  man  (Fig.  14-6).  The 
owner  of  a  new  home  located  on  a  raw  piece  of  ground  will  readily  testify 
to  this.  The  primarv  problems  are  mud  and  erosion,  lack  of  prixacy  and  a 
need  for  protection  from  sun  and  wind.  E(jually  dissatisfying  is  the  unin¬ 
teresting  outlook  on  the  wounds  of  construction.  These  are  problems  that 
can  be  beautifully  solved  with  plants. 


Ciround  Cover 

The  surface  of  the  ground  may  be  successfully  protected  from  erosion  by 
covering  it  with  plants.  Fix  ing  ground  coxer  serx  es  to  disperse  the  force  of 
the  driving  rain,  but,  more  important,  it  entangles  and  holds  the  soil  xvith 
roots.  Grass,  shrubs,  trees,  and  vines  all  act  as  successful  erosion  controls 
exen  in  steejfly  sloping  terrain.  Perhaps  too  much  cannot  be  said  to  extoll 
the  xirtues  of  grass  sod  as  a  landscape  material  (fig-  14-7).  It  makes  an 
ideal  surface  for  recreation;  it  is  cool  and  free  of  dust  and  glare.  C-rass,  as  a 
living  floor,  is  beautiful,  remarkably  efficient,  and  relatixely  easy  to  maintain, 
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Fig.  14-0.  A  home  l)efore  and  after  landseaping^. 

[Odiirfesy  P’ord  Motor  C'o.,  Tractor  and  Implement  Div.] 


althougli  it  must  lie  cut.  In  areas  wliere  less  maintenance  is  desired,  such  as 
on  slopes  or  in  inaccessilile  areas,  vines  and  spreading  material  ( myrtle, 
Japanese  spurge,  i\v,  etc.)  make  e.xcellent  ground  cover.  Herbaceous  annual 
plants  will  also  serve  as  surfacing  materials,  but  tbev  are  onlv  elficient  for 
half  tl  le  Near  in  temperate  climates. 

Enclosure 

Sbi  ubb\  plant  mateiial  that  is  high  and  dense  serv^es  to  insure  pri\’acv  b\' 
restricting  movement  and  \'ision.  Where  space  is  limited,  plants  ma\’  be  used 
m  combination  with  structural  fences  to  restrict  intrusion  (Fig.  14-8).  Bv 
.screening  areas  with  plants,  the  view  may  be  controlled.  Screening  thus  per¬ 
mits  a  planned  vista.  Objectional  features  of  the  landscape  (garbage  cans, 
incinerators,  clothes  lines,  parking  areas)  may  be  successfully  blocked  from 
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Fig.  14-7.  Sodding  a  lawn. 

[( -ointcsy  Ford  Motor  C’o.,  Tractor  and  Implement  l)i\’.] 


view  by  plant  material.  Screening  also  ser\’es  as  protection  from  the  ele¬ 
ments.  Wandhreaks  are  important  for  unprotected  areas  in  colder  regions. 
Ciarden  enclosures  are  the  sides  of  the  landscape  and  as  such  create  the  feel¬ 
ing  of  space.  Depending  on  their  composition  and  arrangement  thev  can 
produce  the  feeling  of  seclusion  or  grandeur. 

Shade 

Ih’otection  from  the  heat  and  glare  of  the  sun  becomes  a  x  ital  function  of 
plants.  Shade  trees  are  not  only  important  to  outdoor  li\ing  but  greatly 
affect  the  indoor  temperature.  Care  must  be  taken  that  trees  do  not  offer 


Fig.  14-S.  Stnictinal  and  plant  material  inaif  he  nsed  to  achieve 
enclosure  and  privaci/. 


[(;()urtt‘sy  American  Association  of  \nrscr> men.] 
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potential  liazards  to  Iniildings.  Well-placed  trees  provide  a  ceiling  to  the 
outdoor  room.  Deciduous  trees  further  offer  the  advantage  of  shade  in 
summer  and  sun  in  w  inter. 


Home  Lamls'caj)e  DesU^n 

The  well-designed  home  landscape  is  planned  to  meet  the  needs  and 
desires  of  the  family  (Fig.  14-9).  It  is  concerned  with  establishing  a  func¬ 
tional  and  esthetic  relationship  between  building  and  site.  It  is  more  than 
the  placing  of  shrubs  around  the  building,  although  foundation  planting 
is  certainly  part  of  it.  The  successful  design  treats  the  house  and  the  sui- 
rounding  area  as  a  single  home  unit — “two  sides  of  the  same  door.  The 
practical  plan  must  bv  its  verv  nature  be  a  compromise  on  a  number  of  con¬ 
flicting  desires.  This  involves  the  distribution  of  space,  maintenance  con¬ 
siderations,  and  to  most  of  us,  expense. 

Houses  in  their  simpler  forms  naturally  subdivide  a  rectangular  lot  into 
areas — front,  back,  and  side  yards.  The  problem  of  home  landscaping  is  to 
transform  this  space  into  living  areas.  How-  many  uses  are  re(juired  depends 
upon  the  familv.  However,  most  homes  need  at  least  three  general  areas: 
(1)  pul)lic  access,  (2)  service  and  w’ork,  and  (3)  family  li\ing. 

The  area  of  public  access  is  usually  the  front  yard.  This  is  the  portion  of 
the  house  that  is  on  view^  to  the 
pvd)lic,  the  passerby  as  well  as  the 
welcomed  guest.  It  creates  the  set¬ 
ting  and  tone  of  the  home,  and 
should  appear  large  enough  to  set 
off  the  liouse  from  tlie  street  (Fig. 

14-10);  it  must  offer  safe  access  to 
the  automobile;  it  should  be  hos¬ 
pitable. 

The  ser\ice  area  accommodates 
garbage  cans,  trash  dispo.sal,  clothes 
drying,  vegetable  gardens,  dog 
houses,  lawn  mowxMs,  sandboxes, 
storage  facilities,  and  other  messv 
items.  The  problem  is  one  of 
screening  and  yc't  maintaining  ac¬ 
cessibility.  In  this  regard,  the  sc'rvice  area  is  often  .split  into  two  locations, 
and  the  side  yard  usually  accommodates  one  of  them.  4'he  disappc'arancc' 
of  tlu'  alh’y  and  the  change  Irom  back  door  garbage  collc'ctions  to  the 


Fig,  14-9.  Backyards  arc  also  for  chil¬ 
dren.  A  circular  course  makes  this  back¬ 
yard  fun  for  the  younger  set. 

[Courtesy  T.  O.  C.’hurcli.] 
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P’ig.  14-10.  A  handsome  lawn  and  a  generous  set  hack  make  an 
attractive  setting  for  this  home. 

[Courtesy  Purdue  University.] 


front  have  altered  tlie  simple  concept  of  serxice  areas  in  home  landscape 
planning. 

To  be  most  functional  the  outdoor  family  living  area  should  be  an  outdoor 
e.xtension  of  the  dwelling.  This  implies  accessibility  from  the  inside  lixing 
area.  It  should  be  level,  or  should  consist  of  at  least  a  series  of  level  areas, 
sloping  onlv  enough  to  proxide  proper  drainage.  This  area  should  be  suffi- 
cientlx’  screened  and  sheltered  to  assure  prix  acy  and  comfort,  taking  full  ad- 
xantage  of  shade  and  cooling  breezes.  \\\  elements  of  this  area  should  be 
planned  to  contribute  to  a  total  affect  of  pleasant  and  beautiful  living  space 
(Fig.  14-11  ). 

Prominent  in  the  outdoor  lix  ing  area  is  the  patio,  a  paxed  area  attached 


Fig.  14-11.  The  outdoor  living  area  of  a  well-landscaped  home. 
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t„  tlic  Ikiusc,  xvitli  c,r  witli.nit  a  structural  ceiling.  Through  the  utilization  ot 
paving,  plant  cnclostircs,  anti  at  least  one  wall  of  the  huiltihtg,  the  pat,,, 
can  he  ,na,l<.  to  ,se,ve  as  an  out.loor  ...on,  (Fig.  H-12).  The  cuTcnt  use  ol 
glass  to  separate  the  patio  frou,  the  hou.se  helps  to  bring  galden  and  house 
into  closer  harmony.  .\  pris  ate  patio  that  is  close  to  or  at  least  on  the  same 
le\el  as  the  kitchen,  is  ideal  for  dining  and  rela.vation.  It  is  desirable,  how- 
eser,  to  base  additional  access  from  the  indoor  living  area.  When  space 
permits,  this  area  ,na>'  he  separated  from  other  ar.-as  used  lor  more  actix-e 
recreational  purposes. 

The  relati\e  size  of  tlie  outdoor  areas  is  a  matter  of  need,  preference,  anc 
a\ailaliility  of  space.  \Miere  space  is  limited,  it  would  seem  mmecessar\  to 
waste  it  on  the  public  area.  On  the  other  hand,  where  space  is  ample,  and 
only  maintenance  is  the  limiting  factor,  there  is  no  reason  to  skimp.  Nothing 
is  more  inviting  than  a  generous  setback  for  the  home;  theie  is  nothing  as 
\  aluable  to  a  family  as  space.  The  outdoor  li\’ing  area  if  large  enough  can 
be  di\ided  to  include  pri\acv  in  relaxation  and  spaciousness  for  more  \  ig- 
orous  recreation. 


Fig.  14-12.  Three  sides  of  the  house  enclose  this  patio.  Al- 
thoup^h  there  are  relatieehj  few  plants,  theij  are  effectivehj 
placed. 

[C()inti‘,s>  T.  n.  (aulich.] 


That  the  landscaped  home  must  be  maintained  is  a  borticultural  truism. 
The  completely  paved  lot  is  (juite  unappealing.  The  only  real  alternative  is 
an  urban  apartment.  However,  the  amount  of  maintenance  mav  be  modified 
with  the  plan.  This  entails  minimizing  lawn  areas,  annual  plants,  trimmed 
shrubs,  or  any  plants  that  refjuire  special  care.  It  involves  increasing  paNed 
areas  and  planning  for  elhciency.  The  wise  selection  of  har(b-,  easily  grown 
plants  of  the  proper  mature  size  is  necessary.  The  design  of  lawns  to  accom¬ 
modate  power  mowx'is  efficiently  is  an  important  consideration. 
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Urban  Plan  nin(f 


Caanimmities  in  the  United  States  with  populations  over  5000  eontain 
about  60(  ol  the  population.  Ours  is  indeed  an  url)au  soeiety.  Vet  at  the* 
same  time,  our  cities,  sprawling  at  tlie  edges  and  decaN  ing  in  tlie  center, 
appear  to  1h‘  committing  suicide  by  strangulation.  This  is  reflected  bv  the 
rush,  by  those  who  can  afford  it,  to  the  outskirts  of  the  citv.  The  suburban 
moxement  is  often  self-defeating,  since  shops  and  businesses  soon  follow, 
and  the  increased  stress  on  already  inadecpiate  public  transportation  further 
increases  congestion. 

Cities  need  not  be  ugly,  dirty,  or  congested.  The  problems  of  rehabili¬ 
tating  the  expanding  modern  city  can  be  soK  ed  bv  planning  and  subse(juent 
action.  The  aim  is  to  shape  the  physical  development  of  the  citv  in  harmom 
with  its  social  and  economic  needs.  This  in\ol\'es  land  use,  communication 
and  transportation  control,  architectural  design,  recreation  facilities,  and 
sometimes  harbor  development. 


It  is  important  as  a  social  need  for  cities  to  be  beautiful,  to  contain  fine 
buildings,  monuments,  and  parks.  Beauty  is  a  positive  aim,  and  in  this  re¬ 
spect  green  li\ing  plants  are  a  necessarx'  part  of  the  urban  pattern.  This  is 
not  to  say  that  nature  must  dominate  the  city  but  only  that  the  citv  should 
dex’elop  such  that  nature  provides  contrast  and  relief.  Just  as  trees  are 
practical  for  the  home  they  are  also  practical  for  the  citv,  to  provide  shade, 
to  act  as  noise  buffers,  and  to  ser\e  as  windbreaks.  When  properK'  used, 
thex'  contribute  to  the  architecture,  and  proxide  xisual  refreshment  to  the 
drab  colors  of  construction.  The  use  of  open  space  in  the  form  of  parks  and 
gardens  proxides  a  real  need  for  the  urbanite,  not  onlx'  for  recreational  use 
but  for  esthetic  fulfillment  (Fig.  14-13).  They  are  not  meant  as  an  escape 
from  the  citv  but  as  an  integral  part  of  it.  Finally,  open  green  space  is  an 
economic  necessitxx  Blighted,  congested  cities  lead  to  graxe  and  expensixe 
social  problems. 


Parks 

M  oreoxer,  he  hath  left  xou  all  his  walks, 

Ilis  prixate  arbours,  and  new-planted  orchards 
On  this  side  Tiber;  he  hath  left  them  yon, 

.And  to  xonr  heirs  for  ever — common  pleasures. 
To  walk  abroad  and  ivcreate  yourselx  es. 

Jiilitis  Caesar  III,  2 


suAKKsi’ii.xafc; 
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Fig.  14-13.  (larch’ll  clcsi^i  in  a  hackt/end  in  Xcw  York  Cili/. 
Rcniarkahlc  transfonnalion.s  arc  possible  Inj  iina<i,ina(ivc  fiJanniio^. 

[C;i;iirt«  s\  j.  Hose  and  the  Xciv  York  7i»i(  s.] 


Altliougli  open  spaces  in  cities  tor  the  use  of  all  citizens  date  from  earliest 
times,  tlu'  nrhan  system  of  parks  and  pla\  (>;ronnds  is  a  recent  development. 
The  industrial  re\  ()lution  has  made  them  a  pressing  need.  Parks  and  recrea¬ 
tional  areas  are  classified  on  the  basis  of  size  and  use.  Scjtiarcs  and  jihizcis 
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are  ornamental,  restful  areas,  the  smallest  unit  in  the  park  system.  These 
l)ee()me  expensive,  f(M'  many  small  units  of  green  space  create  mainteiumce 
problems,  rhujgrounds  and  athletic  fields  are  primarily  recreational  areas, 
and  may  or  may  not  be  part  of  a  connected  park  system.  Nei<ihl)orhood 
parks  serv  e  areas  inaccessible  to  large  parks  or  are  located  to  take  adyantage 
of  local  scenery.  Large  parks  (over  100  acres),  on  the  other  hand,  are  de¬ 
signed  to  serve  the  city  as  a  whole.  They  may  provide  facilities  for  such 
special  recreational  activities  as  horseback  riding  and  golf,  and  where  water 
or  beach  is  available,  swimming  and  boating.  In  addition,  they  often  include 
museums,  memorials,  zoos,  and  botanical  gardens  (which  are  usually  horti- 
culturally  oriented).  State  and  national  parks,  although  serving  a  greater 
area,  become  important  as  recreational  centers  for  nearby  cities. 

The  way  in  which  parks  are  landscaped  determines  their  use.  \t  one 
end  of  the  spectrum  is  the  wild  park,  whicli  is  left  almost  completely  natural 
except  for  the  creation  of  a  few'  roads  or  trails.  This  limits  the  use  per  acre 
of  the  park.  Such  parks  are  not  suitable  for  large  crowds  unless  they  are 
unusuallv'  large,  such  as  national  parks  and  forests.  The  developed  j)ark 
combines  increased  landscape  development  with  natural  effects  and  allows 
for  more  intensive  use.  Historic  Central  Park  in  New  York  City  is  an  out¬ 
standing  example.  Finally,  formal  parks  and  gardens  offer  the  most  intensive 
park  use.  Zoological  and  botanical  parks  are  prime  examples.  When  prop- 
erlv'  planned  and  designed,  they  are  able  to  handle  crowds  gracefully. 

The  midwav'  atmosphere  of  commercial  amusement  parks  deteriorates 
the  landscape.  These  visual  vulgarities  are  distinguished  by  their  lack  of 
landscape  and  general  unsightliness.  A  new  trend  is  the  large  thematic 
amusement  park  (for  e.xample,  Disnev4and),  which  is  landscaped  and 
designed  to  give  a  park  effect.  It  is  hard  to  determine  whether  the  effect  of 
these  places  will  raise  the  level  of  amusement  parks  or  merely  stimulate  a 
host  of  cheap  imitations. 


Landscaping  and  Public  Buildings 

Public  buildings,  in  their  broadest  sen.se,  include  schools,  hospitals,  mu¬ 
seums,  and  churches  in  addition  to  national,  state,  and  municipal  buildings. 
Thev  are  expected  to  be  monumental  in  their  design  and  setting  as  com¬ 
pared  to  ordinary  commercial  buildings.  They  should  represent  the  spirit 
and  ideals  of  the  city  and  as  such  reciuire  .special  treatment.  They  should  be 
set  off  such  that  they  can  be  .seen  to  best  adv  antage.  The  landscaping  should 

be  spacious,  dignified,  and  distinctive. 

Schools,  rural  and  urban,  deserve  special  consideration  and  the  best 
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efforts  of  the  coniniunity.  The  ideal  scliool  grounds  sliould  be  spacious  and 
extensively  planted  to  create  a  park-like  effect.  Landscaepd  areas  should 
provide  adecpiate  room  for  free  play  and  supervised  recreation,  sports 
events,  and  ceremonial  outdoor  programs.  Rural  schools  in  many  cases  have 
great  possibilities  for  fine  development,  possessing  ade(iuate  space  and  good 
soil.  The  development  of  the  rural  school  grounds  is  often  accomplished  with 
cornmunitN'  help.  Natural  plant  materials  are  sometimes  used  to  supplement 
nurserv  grown  stock. 


Industrial  Lan dsca ping 

Factories  and  industrial  plants  are  mo\'ing  out  of  heavily  congested  urban 
areas.  Many  companies  have  begun  to  pay  attention  to  esthetic  consideia- 
tions  as  part  of  their  obligations  as  corporate  citizens.  The  appearance  ol 
factories  becomes  an  important  factor  in  both  public  and  labor  relations. 
A  well-landscaped  industrial  plant  can  be  highly  attractive  (Fig.  14-14). 


Fig.  14-14.  A  splendid  example  of  industrial  landscaping^.  \'ote 
the  contrast  created  Inj  the  (’xeiting  u.'ie  of  icater,  paving,  and 
plant  material. 

[Courtesy  General  Motors  Corporation.] 

llighicatfs  and  Roadside  Dccelopnient 

Highway  design  must  not  only  satisfy  the  retjuirements  of  utilitv  and 
safety  but  should  satisfy  esthetic  considerations  bv  including  beauty  in  the' 
completed  structuix'.  The  landscaping  objectives  include  the  utilization  of 
existing  .scenic  adxantages  in  the  proposed  routes.  Bridges  and  pavement 
wear  out  but  scenic  values  can  be  virtually  permanent.  The  subsetjuent 


460 


Eafhctics  of  Ilorticultuic  [Chap.  14] 

creation  of  roadside  development — outlooks,  pienie  areas,  parks,  and  his¬ 
torical  marker  sites — become  an  important  factor  in  choosing  highway  routes. 

Highway  design  should  harmonize  witli  the  natural  topography.  Existing 
trees  and  lesser  vegetation  should  be  conserved.  Plantings  of  material  to 
control  erosion  when  in  harmony  with  the  natural  surroundings  will  accom¬ 
plish  a  natural  transition  between  construction  and  landscape.  To  be  effec¬ 
tive  this  recjuires  an  adecjuate  right  of  wav.  Zoning  is  essential  for  control 
and  regulation  of  outdoor  advertising  and  commercial  structures  along  the 
highway.  Safety  considerations  will  encourage  scenic  interest,  the  long  site, 
gentle  cnrxes  and  grades. 

Landscape  and  engineering  objectives  both  include  erosion  control,  eco¬ 
nomical  maintenance,  safety,  sound  construction,  and  conservation  of  natu¬ 
ral  beauty.  That  the  public  desires  landscaped,  well-designed  highwavs  is 
evident.  Toll  roads  have  become  increasingly  important  in  interstate  travel. 
People  are  willing  to  pay  for  safe,  restful,  scenic  driving.  The  parkwaij,  a 
highway  for  noncommercial  traffic  located  on  a  strip  of  parkland  with  lim¬ 
ited  access,  pays  for  itself  many  times  over  through  extensive  use  bv  the 
motoring  public  and  through  increased  property  values. 


FLORAL  DESIGN 

Floral  design  bears  about  the  same  relationship  to  landscape  design  as 
a  string  (piartet  does  to  a  svmphony  orchestra.  The  principles  of  design  are 
the  same;  onlv  the  scale  is  reduced.  Floral  design,  as  are  painting  and  sculp¬ 
ture,  is  one  of  the  decorati\  e  arts,  considered  by  some  as  remo\’ed  from  the 
.so-called  practical  needs  of  man.  This  is  a  narrow  view;  any  re(|uirement 
outside  of  the  sustaining  necessities  could  be  so  considered. 

.\lthough  arranging  flowers*  is  a  means  of  individual  artistic  expre.ssion, 
it  is  also  the  basis  of  commercial  floriculture,  which  constitutes  a  large  seg¬ 
ment  of  the  horticultural  industry.  All  cut  flowers  are  for  ultimate  use  in 
some  .sort  of  arrangement.  This  may  consist  in  simply  placing  a  dozen  ro.ses 
in  a  vase,  or  it  mav  involve  the  creation  of  a  large  floral  float. 

Planters 

Planters,  large  containers  for  growing  plants,  are  popular  for  indoor  and 
outdoor  us(‘.  Planters  are  well  suited  in  outdoor  courts  and  plazas.  l)e|MMKl- 

liulc  ;ill  tici'oralive  [)laiits  and 


°  'I'lie  team  flower  is  used  in  its  broadest  sense  to  ini 
plant  parts,  espi-eiallv  llie  niorpliologieal  flower. 


Floral  Dcsifin 
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ing  on  tlio  season,  a  wide  variety  of  plants  may  be  used,  including  ewr- 
green  slirnbs,  bnlbs,  and  annnals.  Crowing  plants  contribute  to  interior 
decoration  just  as  they  do  to  arcliitectnre.  Because  ol  the  iina\ailabilit)'  ot 
indoor  light,  foliage  plants  having  low  light  recinirements  sneh  as  Philo- 
(Icndron,  Sansevicria,  and  Ficus  are  grown,  l^lanters  have  become  especially 
prominent  as  interior  decor  in  lobbies,  ofhces,  and  restaurants.  The  use  of 
artificial  foliage  plants,  which  are  becoming  amazingly  lifelike,  is  also  in¬ 
creasing,  but  like  all  imitations  they  are  not  (jnite  satisfactory. 


Floiccr  Arrangement 


Arrangements  of  flowers,  plants,  and  plant  parts  have  long  been  used  for 
decoration.  In  Japan,  flower  arrangement,  or  Ikehana,  is  a  continuing  tradi¬ 
tion  that  has  been  an  important  part  of  cultural  life  for  13  centuries.  Its 
significance  in  Japanese  home  life  was  established  in  the  fifteenth  century, 
along  with  the  tea  ceremony.  In  its  conception,  Ikebana  symbolized  certain 
philosophical  and  religious  concepts.  Today,  much  of  the  religious  connota¬ 
tion  has  been  lost,  but  the  symbolism  still  remains  a  key  part  of  the  arrange¬ 
ment.  Thus,  the  expression  of  seasonal  change  and  the  passage  of  time  are 
N’ital  parts  of  all  arrangements,  as  are  appropriate  representations  of  tradi¬ 
tional  holidays  and  festivals.  Unlike  the  Western  concepts  of  floral  design, 
the  Oriental  tradition  emphasizes  the  element  of  line  oxer  form  and  color. 
In  the  classical  concept,  line  is  symbolically  partitioned  into  the  representa¬ 
tion  of  heaxen  (vertical),  earth  (horizontal),  and  man  (diagonal  and  inter¬ 
mediate).  The  chief  aim  is  to  achieve  a  beautiful  flowing  line,  and  to  accom¬ 
plish  this  end  the  most  ordinary  materials  mav  be  used.  The  concept  of 
naturalism  is  used  throughout.  All  symmetrical  effects  are  axoided. 

kloxver  arrangement  is  still  an  important  part  of  Japanese  life.  There  are 
many  different  styles  and  schools:  Ikenobo,  classical  arrangements;  Rikka, 
larger,  ornate,  upright  reproductions  of  the  landscape  bx'  means  of  floxxers 
and  plants;  Aa^circ,  simple,  naturalistic  arrangements;  Moribaiw,  expres¬ 
sive,  scenic  arrangements  xvith  greater  use  of  foliage  and  floxvers.  These 
schools  of  floxx  er  arrangement  differ  in  opinion  and  conception,  but  the  basic 
principles  of  the  art  are  preserved  in  common. 

1  here  are  other  typically  oriental  types  of  artistic  expression  inx'olxing 
groxxing  plants.  Bonsai,  the  culture  of  miniature  potted  trees,  dxxarfed  bv 


pruning  and  controlled  nutrition,  is  a  spectacular  example  of  the  horticul¬ 
tural  art.  Lixing  trees,  some  oxer  a  hundred  years  old  and  vet  onlx’  a  fexx 
feet  high,  are  groxxn  in  containers  arranged  to  resemble  a  portion  of  the 
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Ksfhctics  of  Horticulture  [(4iap.  14] 

natural  landscape  (Fig.  14-15).  Bouseki  is  tlic  construction  of  a  miniature 
landscape  out  of  stone,  sand,  and  li\  ing  xegetation. 

In  Europe,  flowers  are  readily  purchased  in  the  market  and  are  in  common 
use  as  a  part  of  normal  living.  In  the  United  States,  on  the  other  hand,  the 
use  of  flowers  is  usually  limited  to  special  occasions  such  as  formal  dining, 
decoration  at  religious  holidays,  appropriate  remembrances  (especially 
birthdays,  anniversaries.  Mother’s  day),  and  as  conxalescent  gifts.  The  cere¬ 
monial  use  of  flowers  in  weddings  and  funerals  is  the  backbone  of  the  Horist 
business.  Boiupiets  and  wreaths  are  standard  fare  for  concert  artists,  beautx’ 
([ueens,  openings,  and  derby  winners.  Corsages  and  boutonnieres  become  a 
significant  part  of  the  costume  at  dances,  and  formal  occasions. 


Fig.  14-15.  Bonsai.  These  trees  ore  over  100  years  old.  The  small  size  is  main¬ 
tained  through  pruning  and  by  controlling  nutrition. 

(Courtesy  Katsuyoshi  Yoshikawa,  Kyoto  University.] 


HORTICULTURE  AS  RECREATION 

Horticulture  has  long  been,  and  will  continue  to  be,  an  outlet  for  recrea¬ 
tion  and  pleasure.  Gardening  is  probably  the  true  national  pastime,  for  hor¬ 
ticulture  may  be  actively  enjoyed  at  many  levels.  It  prox  ides  either  vigorous 
or  sedentary  activity,  xvhich  may  be  pursued  on  any  scale.  The  young,  the 
strong,  the  aged  and  infirm  may  enjoy  its  respite.  There  is  room  for  the 
innovator,  the  gadget-minded,  the  artist,  and  the  faddist.  The  joys  of  soli¬ 
tude  or  the  bustle  of  organizational  activity  are  there.  It  yields  the  sxveets 
of  anticipation  along  with  the  bitterness  of  disappointment.  Tangible  re¬ 
wards  are  available  for  a  minimum  of  effort  and  increase  in  proportion  to 
skill  and  persistence.  All  who  partake  of  it  soon  accpiire  a  keener  awareness 
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„f  tlio  mysteries  of  life,  ami  growtii,  anti  tleatli.  The  heantifni  as  teell  as  the 
(U4ici()us  are  readily  available  for  those  who  seek  it. 
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(a)rolla,  77-78 
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Cucurbit,  433-434 
Cultigen,  48 
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Curing,  364 
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Dehydration,  376-377 
Design,  444 — 146 
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Double  cross,  348 
Double  dormancy,  132,  294 
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Drupe  fruit,  80,  81,  425-426 
Dry  fruit,  80-81 
Drying,  376-377 
Dry  storage,  294 
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Embryo,  82,  83,  289-290 
Embryo  culture,  297 
Embryo  sac  formation,  287 
Emphasis  in  design,  445,  446 
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Endodermis,  63,  65,  69 
Endosperm,  83-84,  289-290 
Enci.eh,  a.,  40 
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Epidermis,  63,  65-66,  67 
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Evapotranspiration,  185-186 
E\  t‘rgrc‘en  plant,  28,  34 
Exocarp,  80 

Family,  43 

Fan  and  pad  cooling,  194 
Fermentation,  379-380 
Fertilization  (sexual),  289 
Fertilizer  and  fertilization,  161-168;  analy¬ 
sis  (grade),  162;  chemical,  163;  lev'cl, 
163-166;  natural  organic,  163;  place¬ 
ment,  166-168;  ratio,  162 
Fi  hybrid,  334,  343,  346,  348 
Fiber,  59,  61 

Fibrous  root  system,  6/,  69 
Field  capacity,  111-112 
Field  heat,  367 
Fireblight,  240-241,  260,  261 
Fleshy  fruit,  80-81 
Floral  design,  460-462 
Floriculture,  3 
Florigen,  141,  230 

Flower  and  flowering,  grafting  effects  on, 
224;  initiation,  137-139,  230;  moisture 
effects  on,  145;  physiology,  137-146; 
pruning  effects  on,  203— 204;  size,  279; 
structure,  52,  77-79;  thinning,  231 
Flower  arrangement,  461-462 
Flower-bud  hardiness,  29 
Flower  exchange,  384 
Flower  plant,  33-34 
Flower  production,  435-438 
Fluorescent  lamp,  characteristics  of,  198- 
199 

Food  processing,  375-385 

Form  (  design  ),  444,  450 

I'orm  ( taxa ),  46 

Formalism,  7,  17-18,  446-447 

F reeze-dehvdration,  377 

Freezing,  379 

Freezing  injurx',  371 

Frost  and  frost  control,  191, 392-396 

P'rost  injury,  1 19,  173 

Fruit,  deyelopment  of,  146-153;  drop, 
231-232;  production,  421-427;  ripening, 
152-153,  374-375;  set,  147,  230;  size, 
276-278;  structure,  79-82;  thinning, 
151,191,209,277-278 
I'ruit  plant,  30,  32-33,  37;  temperatvire  re- 
(|uirements,  400 
Fumigant,  257 
Fungi,  240-242 
Fungieide,  254 
Fi/ngi  imprrfccti,  241 

Calls,  236,  248 
Camete,  283,  287,  325,  339 
Cardens,  446-448 


Garner,  140 

Genes  and  gene  action,  281,  324-332 
Genetic  deterioration,  353 
Genetic  gain,  352 
Genetics,  323-339_ 

Genotype,  324,  325 
Genus,  44 

Geologic  erosion,  174 
Germination  (pollen),  148 
Germination  (seed),  84-85,  127-132,  292- 
298;  inhibitors,  130-131;  percentage, 
292,  293 

Gibberellins,  74,  94,  144,  151,  154,  222, 
229 

Girdling,  224 

Gladiolus,  438-439 

Grading,  362—363 

Graft  combination,  221-225 

Grafting,  302,  315-322 

Graft  incompatibility,  317,  320-321 

Grafting,  302,  315-322 

Graft  union,  316-317 

Granulation,  102-103 

Grape,  421 

Ground  cox  er,  34,  450 
Greece,  10-11,  13-14 
Greenhouse,  193-195 
Greenhouse  effect,  116-117,  192 
Green  manure,  173-174 
Ghew,  N.,  19 
Ground  co\  er,  34,  450 
Grow  th,  86-124 
Grow  th  inhibitor,  232-233 
Grow  th  promoter,  232-233 
Chow  th  regulator,  93,  94 
Guard  cells,  66 
G\  mnosperm,  42-43 

Hale,  S.,  19 

Hardeuing  off,  30,  226-227 
Hardwood  cutting.  313 
Hardy  plant,  28-30,  119 
Harmony,  445-446 
Haryestiug,  35f)-360 
Heading  back,  206,  207-208 
Heading  height,  213 
Heat  conductiyity,  116 
Heat  of  fusion,  395 
Heat  transfer,  116 
Heat  vmits,  357 
Hendhicks,  S.  B.,  141 
Herbaceous  plant,  27 
Herbal,  38,  39 

Herbicides,  267-272;  application,  269; 

classification,  270-272;  fate  of,  272 
1  lesperidium.  80 
lleterosis.  332—336 

Heterozygosity,  285,  325,  333,  345,  346 
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Ilit'li-temjH'rature  injury,  119-120 
llighwav  and  roadside  (levelopment  459- 
460  ‘ 

Hoarfrost,  395 

Home  garden,  428 

Home  landscaping,  453-455 

Homozygosity,  285,  325,  333,  345,  346 

Hooke,  R.,  19 

Horizon  (soil),  98-99 

Hormone,  93,  94 

1  lorticulture,  defined,  1—4;  economic  posi¬ 
tion,  4-6;  historical  aspects  of,  6-22;  as 
recreation,  462—463;  world  crop  produc¬ 
tion  in,  414-419 

Horticultural  enterprises,  414-441 
Horticultural  geography,  389-413 
Horticultural  plant  classification,  30-38 
Hot  bed,  192-193 
Humidity  control,  373-374 
Humus,  100 
I  lybridization,  350-352 
Hybrid  vigor,  332-336;  utilization  of,  346- 
348 

Hydrocooling,  367 

Hydrogen  ion  concentration,  104-105 
Hygroscopic  water,  112 
Hypocotyl,  69,  82 
I  lypodermis,  67 

Inarching,  322 
Inbred  (pure)  line,  333 
Inbreeding,  333-334 
Incompatibility,  289,  317,  320-321 
Indeterminate  2)lant,  227,  332 
Indexing,  317,  320 

Indoleacetic  acid  (lAA),  94,  270-271 
Indolebutyric  acid,  228 
Industrial  landscaping,  459 
Insects,  245-248;  injury  to  plants,  247-248 
Integration,  386 
Intercalarv  meristem,  58 
Interplant  competition,  272-276 
Interstock,  221,  223 
Intertillage  (strip  cropping),  176 
Intraplant  competition,  276-279 
Irrigation,  178-187;  corrugating,  180;  effi¬ 
ciency,  185-186;  flood,  180;  furrow, 
180;  requirements,  182-186;  sprinkler, 
178,  180-181;  subirrigation,  178,  181- 
182;  surface,  178,  180 

Jones,  334 
lune  drop,  150 
jusenility,  132-136 

Key,  49-50 
Kiuelin,  232 
kEll’l’AHT,  143 


Kuiflen  system,  212,  219 
Koelhel'teh,  j.  (;.,  19 
Kdppen  classification,  401 
Kuaus,  138-139 
Khayuill,  138,  139 

Labor  supply,  410-411 
Land  cost,  410 

Landscape  architecture,  448-460 

Landscape  horticulture,  3 

Lar\  a,  246-247 

Layerage,  302,  308-309 

Lawn  plant,  34 

Leader  training,  212-213 

Leaf,  75-77 

Leaf  cutting,  308,  310 

Leaf  venation,  76 

Lenotre,  a.,  18 

Lenticel,  65 

Liana,  27 

Liebault,  J.,  14-16 

Life  cycle,  128,  129,  249-251,  287 

Life  history,  249 

Light,  120—124,  398;  effect  on  rooting, 
312-313;  modification  of,  196-199; 
sources,  198-199 
Liming,  171 
Line,  444,  450 
Lining  out  stock,  439 
Linkage,  331-332 
Linnaeus,  19,  38-39 
Location,  390 
Long-day  plants,  140 
Longev  ity  of  weed  seed,  263 
Lysenko,  T.  D.,  143 

Magnesium,  109 
“Maison  Rusticpie,”  14-16 
Maleic  hydrazide,  232-233 
Male  sterilitv,  231,  347 
Mailing  rootstock,  222-223,  422 
Maei>i(;hi,  M.,  19 
Manganese,  110 
Manure,  174 

Market  advantage,  411-412 
Market  garden,  428 

Marketing,  354-386;  channels,  383—386; 

functions,  354-356;  margin,  355-356 
Market  preparation,  364-366 
Mass  selection,  345,  346 
Maturity,  136-137 

Mechanical  harvesting,  22,  211,  358-360 
Medieval  horticulture,  14-18 
Meiosis,  283-285 
Menoee,  Cb,  20 
Merchandising,  385-386 
Mercliant  micldlemcn,  384 
Mcristiinatic  tissue,  57-59 
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Mosocarp,  80 
Mc-sopotamia,  9-10 

Metabolism,  80-89  i 

Mc’taniorpliosis,  fomplcte,  240--4/;  f^rac - 
iial  ( iiicompb  te ),  247 
Metaxciiia,  148 
Mez,  K.,  40 
Microclimate,  390 
Mkldlc  lamella,  55 
Mineral  soil,  100 
Mist  propagation,  313-314 
Mites,  245-246 
Mitocboiulria,  54,  56 
Mitosis,  93,  281-283 
Modified  atmosphere,  372 
Moisture,  110-114,  145,  396-.397;  see  also 
W'ater 

Molybdenum,  110 
M onocott/ledoueae,  43 
Monoecism,  79,  288 
Morrill  Act,  22 
Mosaic  \  irns,  239 
Muck,  100-101 
Mnlch,  174,  189-191,  265^ 

Mnltigenic  inheritance,  327,  329 
Multiple  fruit,  79,  81 
Mnskmelon,  433 
Mutation,  283,  325 

Naturalism,  446 — 148 
Natural  organic  fertilizer,  163 
Nectarine,  332,  426 
Nematodes,  242-245 
Nitrification,  108 
Nitrifying  bacteria,  100 
Nitrogen,  105-108;  cycle,  106-108;  effect 
on  rooting,  311;  fertilizer,  167-168,  301; 
fixation,  107-108 

Nitrogen:  carbon  relationship,  138-139, 
145,  204-205 
Node,  52 
Nucleus,  54,  55 

Nursery  crop  production,  438-440 
Nursery  plant,  33-35 
Nut,  32-33 

Nutrient  absorption,  89 

Obligate  parasites,  237 
Offset,  74,  303,  306 
Offshoot,  74,  306 
Olericulture,  3 
Onion,  431 

Open  center,  212-213 
Orange,  423-424 
Orchid,  437-438 
Order,  43 

Organic  matter,  99-100,  171-174 
Organic  soil,  100 


Organic  volatiles,  3/3 
Ornamental  borticnltnre,  3,  12 
Ornamental  plant,  33-35,  37-38 
Ornamental  production,  435-440 
Osmosis,  89 

Osmotically  held  water,  119 


0\ary,  78 

Ov'crdominance  hypothesis,  335-336 


Ovule,  78 

Oxygen,  87,  125,  371-3/2 


Packaging,  365-366 
Palisade  cell,  76 
Pallet  box,  369,  372 
Parasitism,  237 
Parenchyma,  57,  59-60 
Parks,  456-458 
Parkway,  460 

Parthenocarpy,  148,  230,  289 
Pasteurization  soil),  265-266,  298 
Patent,  plant,  353 
Pathogen,  237-249 

Pathogen  and  crop  competition,  235-261 
Patio,  455 
Pea,  432-433 
Peach,  136,  332,  425—426 
Pear,  422-423 
Pear  decline,  235,  423 
Peat,  100,  171,  314-315 
Pedigree  selection,  345,  346 
Pelleting  seed,  300 
Perennial  plant,  28 
Pericarp,  80 
Pericycle,  63,  65,  69 
Periderm,  65,  364 
Perlite,  314,  315 
Permanent  tissue,  57 
Permanent  wilting  point,  112 
Pesticide,  234,  254-257,  258;  application, 
25.5-257,  258;  classification,  256;  non- 
systemic,  254-255;  systemic,  254-255 
Petal,  77-78 
Petiole,  76 

pH,  104-10.5,  168-171 
Phenotype,  324,  325 

Phloem,  57,  62;  disruption,  22.5-226; 

transport,  92-93,  204,  226 
Phosphon,  2.33 
Phosphorus,  109 
Phosphorus  fertilizer,  168 
Photoperiodism,  122,  140-144;  197,  398 
Photosjnthesis,  86-87,  123,  196-197 
Phototropism,  94,  96 
Phijcomijcetes,  241 
Phyllotaxy,  72 
I’ln  tochrome,  141-143 
Phvtohormone,  94 
Pickling,  379^80 
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I’illar  system,  218-220 
Pistil,  78 
Pit,  56,  61 
Pith,  63-65  69 

Plant,  body,  52-53;  breeilinj;,  323-354;  de- 
\elopment,  93,  127-154;  improx  emcnt, 
323-354;  kingdom,  41-48;  pathologx’, 
251;  structure,  52-85;  response  to  dis¬ 
ease,  236 
Planter,  460-461 
Plasma  membrane,  54,  55 
Plasmodesmata,  56 
Plastic  greenhouse,  194-195 
Plastid,  54,  56 
Pliny  the  Eldeu,  11 
Pliny  the  Youngek,  1 1 
Plum,  425 
Plumule,  82,  83 

Pollen,  formation  of,  286-287;  germina¬ 
tion,  148;  storage,  351;  viability,  351 
Pollination,  147-150;  artificial,  351-352; 
self-  and  cross-,  285,  286,  288-289,  333, 
343-344 

Polyethylene,  194,  265,  372 
Polvploidv,  336-339 
Pome  fruit,  80,  81,  422 
Pomology,  3 

Population  competition,  272-280 
Postemergence  herbicide,  269 
Post  harxest  alteration,  360-361 
Potassium,  109,  260 
Potassium  fertilizer,  168 
Potato,  430-431 
Phantl,  K.,  40 
Precipitation,  396 
Precipitation  effectiveness,  401 
Precooling,  366-368 
Pre-emergence  herbicide,  269 
Prepackaging,  366 
Preplanting  herbicide,  269 
Preserx  ation,  369-383 
PlUESTLY,  J.,  19 
Primary  cell  wall,  55-56 
Primary  root,  67 
Primary  tissue,  59 

Productive  capacity  of  soil,  159-160,  166, 
174 

Propagation,  281-322 
Pruning,  200—220;  apple,  218-220;  black 
raspberry,  217;  dormant,  208;  grape, 
218-219;  objectixes,  209-212;  peach, 
215;  red  raspberry,  217;  rcnexxal,  214- 
220;  summer,  208;  tcchuicpies,  207- 
208;  timing,  208 
Puddled  soil,  102,  172 
Pulse  crop,  432-433 
Pumpkin,  43.3 — 1.34 
Pure  (inbred)  liiu',  3.33 


Quality,  .360 

Quantitative  inheritance,  .329-.3.31 
Quarantine,  2.52 
Quick  freezing,  .379 

Ibuliant  energy,  98,  1 14-1 16,  124 
Radiation,  116,  .342 
Radiational  frost,  392-394 
Radiation  preservation,  381-38.3 
Radicle,  82,  83 
Ratoon,  306 
Receptacle,  78 
Recessive,  326,  335 
Reflection,  116 
Rehoeh,  a.,  48 
Relative  humidity,  374 
Renexval  pruning,  214-220 
Repellent,  2.54 

Reproductive  physiology,  137-1.53 

Respiration,  86-88,  152-1.5.3,  370-372 

Retailing,  385-386 

Rhizome,  75,  .305-306 

Rhythm  in  design,  445,  446 

Ringing,  22.5-226,  312 

Riparian  laxv,  188 

Ripening,  1.52-1.53,  .374-.37.5 

Rodents',  248-249 

Roguing,  252,  .34.5 

Rome,  11-14 

Root,  cutting,  308,  310;  hair,  65,  67;  initial, 
310-311;  modification,  69-70,  307-308; 
structure,  52,  66—70 

Rooting,  228-229,  311-315;  cofactors,  311- 
312;  media,  314-315 
Rootstock,  221-223 
Rootzone,  184,  185 
Rose,  436 
Rotation,  252 

Runner,  73,  74-75,  304-305 
Rust,  242 

Sachs,  139 
Sanitation,  2.52 
Saprophyte,  2.37 
Sax,  K.,  225 
Scarification,  294 

Scientific  plant  classification,  .33-.50 
Scion,  221,  31.5-316 
Sclereid,  59,  60 
Sclerenchyma,  57,  .59-60 
Scoring,  224-225 
Screenhouse,  239 
Secondary  cell  xx  all,  56 
Secondary  tissue,  59 
Secretory  gland,  63 

Seed,  (iormanev,  123-132;  germination. 
84-85,  127-1.32.  292-298;  longevity 


Index 


471 


(weed),  263;  maturation,  289;  origin 
ami  developnK-nt,  2Ke-2Wli  plailtinS, 
299-30(1;  priHliiction,  290-291,  440, 

iKopacation,  286-302;  storage,  2.)l, 
structure,  82-85;  treatment,  298;  viabil¬ 
ity,  293 
Seedbed,  296 

Seed  stalk  formation  (bolting),  10,  154, 


229 

Segregation,  285 

Selection,  323,  344-346;  asexually  propa- 
gatecl  crops,  346;  eross-polinated  crops^ 
345-346;  self-pollinated  crops,  344-345 
Selects  itv  (herbicide),  267-269 
Self-pollination,  285,  286,  288-289,  333, 
343-344 
Self-ser\  ice,  385 
Senescence,  153 
Sepal,  77 
Separation,  303 
Sex  expression,  78-79,  146 
Sexual  reproduction,  281,  283-289 
Shade,  452-453 
Shade  house,  195-196 
Shoot,  52,  70-84 
Short-day  plant,  140 
Shrub,  27,  34 
Sieve  element,  62 

Signs  ( plant  response  to  disease),  236 

Simple  fruit,  79-80 

Simple  tissue,  57,  59-60 

Single  cross,  348 

Site,  390 

Slip,  74,  306 

Small  fruit,  32,  426-427 

Smog,  125 

Smut,  242 

Snapdragon,  438 

Sod,  173 

Sodding,  451 

Softwood  cutting,  313 

Soil,  98-110,  158-178,  399;  cation  ex¬ 
change  capacity,  104,  172;  chemical 
properties,  103-105;  climatic  influence, 
399;  condition,  171-174;  conservation, 
174-178;  fertility,  105-110,  160-168; 
granulation,  102-103;  heaving,  119; 
management,  159-178;  moisture,  111- 
114,  182-183;  organisms,  99-100,  167; 
physical  properties,  99-103;  pores,  103; 
productive  capacity,  159-160,  166,  174; 
puddled,  102,  172;  reaction,  104,  168- 
171;  structure,  102-103;  texture,  100, 
102;  treatment,  298;  tvpe,  100-101 
Solar  radiation,  115-116,  389,  393,  394 
Species,  44-45 
Speculator,  384 
Spong\  nn-sophvll,  76 


Sport,  47,  341-342 

Sprout  inhibition,  232,  381-383 

Spray,  255-256,  258 

Spur,  75,  217 

Sijuash,  433-434 

Stamen,  78 

Starter  solution,  167,  301-302 

Stem  cutting,  308,  310 

Stem  modification,  72-75,  303-30/ 

Stigma,  78 
Stipule,  76 

Stock  ( rootstock ) ,  3 1 5-3 1 6 
Stolon,  73,  74-75 
Stomach  poison,  255 
Stomata,  66,  76,  91-92 
Stone  cell,  59 

Stone  fruit,  80,  81,  425-426 
Stooling,  312 

Storage  and  presers  ation,  369-383 
Storage  temperature,  370-371 
Stratification,  131,  294 
Strawberry,  145,  426—42/ 

Strip  cropping  (intertillage),  1/6 
Style,  78 

Suberization,  364 
Subspecies,  46 
Succulent  plant,  27 
Sucker,  308 
Sugar,  87-89,  92 
Sugar  concentrate,  380 
Suifur,  109,  171 
Sun  drying,  376 
Sweet  corn,  434 
Sweet  potato,  31,  430 
Symmetry,  443,  444 

Symptoms  (  plant  response  to  disease),  236 


Taproot,  67 
Taxa,  41-48 
Taxonomy,  38—48 
Technological  change,  19-22 
Temperature,  climate,  391—392;  efficiency, 
401;  fruit  respiration,  153;  growth,  116, 
117-120;  inversion,  394;  modification, 
188-196;  respiration,  153,  88-89;  root¬ 
ing,  313;. storage;  370-371 
Tender  plants  2f^3(4  ^^9 
Tendril,  76-77 

Tensiometer,  182-183  ’  ^ 

Terrace,  177' 

Tetraploidy,  336^339 
Tetrazolium,  293 
Texture,  444,  450 

Thkopuhastus  ok  Ehksos,  10,  14,  38 
Thermal  belt,  393,  394 
Thermal  periodicity,  144-145 
Thinning,  151,  209,  230-231 
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'l'ltinuiiii»  out,  206,  207-208 
Tilth,  171-172 
Tissues,  57-62 

Tomato,  429 — 130;  ripening,  375 

Top  eross,  348 

Topiary,  13,  201-202 

Topworking,  321 

Traeheid,  59,  61 

Training,  200-220 

Training  systems,  212-220 

Transloeatecl  (noneontaet)  herbicide,  268 

Translocation,  90,  92 

Transpiration,  91 

Transplant,  299,  300-301 

Trap,  253 

Tree,  defined,  27-28 

Tree  form,  213 

Tree  fruit,  30-32 

Triploidy,  336-339 

'Trisomic,  337 

Truck  garden,  428-429 

Tuber,  31,  75,  306 

Tubcnnis  root,  307-308 

Tungsten  lamp,  characteristics  of,  198-199 

Turf  plant,  34 

Urban  planning,  456 

N’acuole,  54,  56 

\’acuum  cooling,  367-368 

X’ariation,  323-324,  340-34 

\'ariety  ( Irotanical ),  45-46 

\’ariety  ( horticvdtural,  evdtivar),  48,  353 

\'ahu{),  M.  T.,  1 1 

\’ascular  system,  41,  63-65,  69 

\’ector,  239 

\’egetable  plant,  30-33,  37 
\’egetable  production,  427-435 


\  egetative  physiology,  127-137 
W'getalive  propagation,  302-322 
V'ermiculite,  314 
Vernalization,  143-144 
Vine,  27,  34,  70 

\’lKGIL,  11 

\'irus,  237-239 

Warm  season  crop,  30 
\\7irm-stratification,  294 
Water:  bound,  119;  capillary,  103;  chemi¬ 
cally  combined,  112;  conservation,  187- 
188;  consumptive  use,  183-185;  hvgro- 
scopie,  112;  management,  178-i88; 
movement,  112-114;  osmotically  held, 
119;  requirements  of  plants,  110;  W«/.vo 
Moisture 

W'atermelon,  433-434 
Waterway,  176-177 

W’eed,  261-272;  control,  264-272;  growth, 
263-264;  reproducti\  e  capacity,  262-263 
Wetting  agent,  256 
White  frost,  395 
Wholesaling,  384-385 
Windbreak,  177-178 
Winter  kill,  119 
W’ood  hardiness,  29 
Woody  plant,  27 

Xenia,  150 

Xylem,  57,  59-62,  91-93 

Yam,  31,  430 

Yellow  s  \  irus,  238-239 

Zinc,  110 
Zygote,  289 


f 

\ 

i 


* 


'  \ 


«  f 


e 


I 


r 


4 


\ 


I  •» 


VERIFIED 

xOl3 


117 


V 


CFTRI-MYSO 


RE 


5931 

Horticultural  sc... 


V  -1-5 ‘lY'  qT  '^51 


%t 


